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This study of the construction and production program of the 
company designed 6-2) airplane covers that part of the total program 
carried cut by Consolidated Alrersft Company, San Diego, California, 
in facilities primarily owned by the company with a substantial addi- 
tion built for and leased from Defense Plant Corporation, Consolidated 
and Vultee were combined in 1943 more than a year before peak pro- 
duétion was reached, 


This is one of a series of analysis made by tha Air Technical 
Service Command of ihe industrial mobilisation experience of World 
War lI. It is the purpose of these analyses to review the problems 
encountered by representative industrial companies in the fulfillment | 
of production contracta fer airplanes and their equipment; and to 
provide the basle data for the development of industrial mobilization 
plans and policies for future emergencies, 


The data praseribed in this study were compiled from official 
records and files of Headquarters, Army Air Foroes, Headquarters Air 
Technical Service Command, Western District Headquarters, and Consoli- 
dated-Vultes Aircraft Corporation, San Diego, California, These 
Sources were supplemented by personal conferences and interviews with 
both AAF and company representatives prineipally involved in the pro- 
Jeet, Briefs from the original documenta and interviews used in the 
preparation of this study are filed at Headquarters, Testern District, 
ATSC, Los Angeles, California, and are available for further study 
or reference by authorized persons. 


PREFACE 


The production of B-2l bombers at San Diego dates from the lat- 
ter part of 1938, long before war thoughts entered the American public 
consciousness, when the Army asked Consolidated to inspect the Boeing 
B-17 at Seattle with the idea of becoming a secondary but large sup- 
plier. In reporting the company recommended that a new and better v 
airplane, both tactically and production-wise, be produced, This was 
started in January 1939, flown in December 1939 and the first real 
production contract (with the French) was received in June 1910, 


2 This dates the plane as pre-war in terms of lack of volume re- 
quirements, lack of combat thinking and the like, thereby laying the 
foundations for continuing and time-costly problems which delayed all у 
producers throughout the program. Although rated better than the B-17 v 
as delivered by the company's original promise, it was still in a 

general way a sister ship as the date of its birth was back in the 
peacetime period, 


Like the design, the plants were pre-war in thinking and in actual 
construction, being largely completed and equipped by December 191. 
In the size of the plants, though not in layout or equipment, one finds 
the first sign of the developing war program. Even the general plan- 
je ning was strictly pre-war, for it called for the solution of the com- 
> plete production problem within the walls of the company's own (and 
DPC leased) plants, without subcontracting. 


It is indeed a tremendous achievement to attain a peak production 
of 270 B-2lı airplanes per month by the summer of 194), particularly 
since this was accomplished while assisting four other plants to get 
into production on the same airplane and while this plant was produc- 
ing other models for the Navy. It would be a tremendous achievement 
for my company under any conditions to explode in this way and to this 

| extent, but it is particularly noteworthy when considering the pre- 
7 war character of everything and everyone connected with the undertaking 
throughout its early production planning and acceleration period, 

4 Too much consideration cannot be given to this pre-war dating and all 
that it means, in weighing the results of this program, or planning 
others for the future, nor will it ever be possible to over-evaluate 
the importance of maintaining the post-war know-how so sadly lacking 
in those pre-war days and acquired at such terrific cost of time and 
money. This "know-how" has been largely dissipated already, but 
action is most urgently recommended now to prevent further loss of 
this most important asset in the National Security Program, 


15780 


MU [ 4 Y P 
М. 6 l у Ode 
or y 
ara y 4 + 
5 9 y ! 1 D — 
info 
j- J O! 
= E + 
1 7 I 
, = 
tr 
29 
5 MZ 
Џ 


[761 f£asnuep 62 uexeq oqoug 


8итаза eJoJeq f pus с 'sSp[d jo uo[4ejduoo 199J8 T чета JO MELA татдәү 2897] 189 


(9 


SUMMARY AND CONCLUSIONS 


Additions to Plant #1 and the construction of Plant #2 were 
designed and constructed under peacetime conditions, being virtually 
completed on the first day of war, and in normal time with only normal 
peacetime delays. Production acceleration also proceeded by these 
same peacetime requirements. The year 1910 can be dropped from the 
record while considering time against American contracts, yet the 
French contract did render a-most important service in causing the 
organization to raise its sights and begin to prepare for war. Once 
production really started in the summer of 1911, the curve was remark- 
ably smaoth and the rate steady to the peak in the sumer of 194. 

In retrospect it is apparent that the company was always ahead of 

the Army in its planning, as a few airplanes were always in reserve 

to absorb the shocks of the constant stream of difficulties, The 
schedule curve was too steep in the early stages as was the case in 
other plants where it was found impossible to predetermine the position 
on the learner's curve (then unknown) and its effect on deliveries. 

The other major dip іп 1943 resulted from inability to accurately 
predetermine the number and time-cost of the engineering changes re- 
quired by the Army. 


Basic Production Plan: 


The original plan was to produce the airplane on site by timeworn 
methods through the additional facilities at Plants #1 and #2 and 
without subcontracting or the use of new techniques. The original 
volume and the early increase in volume never required anything more 
elaborate and the planning therefore was sound though actually попе 
existent. However, the first of April 1911 the lack of detailed 
planning became evident and the Production Planning Section was estab- 
lished, 


Prom this point, with volume increases being askéd more frequente 
ly by Army the final complicated production program developed smoothly 
and with no radical changes of pace or course. Subcontracting came 
into the picture one item at a time. Feeder plants were also added 
one at a time and without policy change to meet the growing need to 
take more work to the worker, The airplane itself was progressively 
broken down into smaller and smaller unit assemblies, the tooling pro- 
gram became resultingly more complicated, and ever more manhours per 
hour were applied to the schedule to meet its deliveries, 


Construction Period: 


When this going company accepted increasing production responsi- 
bilities, the first two steps were to increase the capacity of iis 
existing plant. The first step beginning in December 1939 provided 
additions costing five million dollars and added one million square 
feet by February of 1941, The next step, started in April of 1910 


and completed for use in February 1942, was the twenty-three million 
dollar project from which came Plant #2 with one million eight hundred 
seventy-six thousand square feet. 


The speed records were better than many later construction pro- 
grams because this was definitely peacetime procuring and building. 
The records were excellent in their own right due to the early estab- 
lishment within the company of a complete and sound plant 
Department which turned its layouts over to the best of industrial 
architects and builders, 


Pre-Produotion Period: 


Had the company faced the problem in the winter of 1938-39 of 
preparing to produce 270 B-2h's in any near future month and setting 
up an organization to maintain such a schedule, it no doubt would 
have been completely overwhelmed by the magnitude of such a project. 
Coming as the volume did in relatively small increments, it was pos- 
sible and it now appears to have been necessary to continue with 
existing methods of building planes and then changing slowly as it 
became obviously impossible to meet requirements at various points on 
the acceleration curve with the old methods then in use. 


In general summary the following factors served to prevent any 
more rapid acceleration had such been required: 


1. The Contractor had no experience in volume produetíon. It 
had good engineers and good mechanios who knew how to build good air- 
planes, 


2. The pre-war design was not satisfactory during the early 
years either to the Army or to the company production men. It is now 
said truly enough that engineering never did catch up. Day by day 
it permitted other departments to move, but no long range detailed 
planning could be done. 


3. In the absence of an "engineering package" and a definite 
Army expression of ultimate requirements, a situation was created 
which would have caused serious losses of production and schedule 
interruption, but for the company policy of playing safe. This re- 
sulted in the constant availability of just a little extra all | 
along the line which many times later permitted meeting production 
Schedules which otherwise would have been impossible, 


ц, The lack of forward planning on the project, which proved 
to be impossible due to the continuous lack of information, caused a 
manpower situation which constantly jeopardized the entire program, 
The rapid influx of this unexpected increase in population, in addi- 
tion to that required for steadily increasing Navy programs, increased 


iv 


the size of the community about 50%, Lack of ower made it 
essential to gradually subcontract 50% of the B-2l manhours in order 
to maintain schedules. At no time was there any sign of competent 
authoritative manpower budgeting. People were hired as rapidly as 
possible which meant in the early stages of plant growth that too 
many people per day were sent to the production line, 


The possibility of partial failure as it appeared almost daily 
was averted by one or more of the following favorable factors: 


1, The original organisation knew how to build airplanes, 


= @ The initial expansion of facilities, equipment, manpower, 
Stc., took place prior to the accelerated growth of the nation's 
war plants, 


3. Ali out effort was applied to the project by management, 
supervision and shop personnel with complete disregard for human 
physical limitations, 


Production Period: 


Reviewing the whole situation, it 1s considered that the Con- 
tractor did an outstanding job, that their acceleration curve was 
daily better than they themselves believed possible, The first two 
years contributed the basic airplane, and a lot of indirectly valuable 
know-how, though nothing in the way of American type volume production, 
Had the peak load been thrown on the company at a later stage in iis 
growth, much more rapid aeceleration would have been achieved, It 

is felt that the present estimate of twelve to eighteen months for 
the same job under the following ideal conditions is entirely reason- 
able: 


1. Тһе present state of completion of the 5-2 designs for tools 


2, Freezing the present designs for the acceleration period, 

3, The present degree of know-how within company ranks, 

h. A single Government control of all factors within and wi the 
out the company affecting the procurement of its requirements of 
materials and manpower, 


5. The existence of plant space and equipment, inoluding one 
set of complete tooling. 


Finally, it mst be observed that production of 270 B-2l's per 
month does not represent mass production in any sense of the word. 
It is merely large volume manufacture of an artiole designed by men 


without production experience, men who do not know how, in the in- 
dustrial sense of the word, to make the parts and assemblies they 
design. True mass production of this type of airplane could only 
be had with a new plane to be designed in a company matered by years 
of volume production and by engineers personally experíenced in 
fabricating and assembling airplanes. 


A 24 
` ` 


7761 Lienaqoa 12 T чета ‘7 pig “бәйт 


Áiquessyj (eut 


RECOMMENDATIONS 


As a result of their years of experience and recent weeks of study 
by individual executives of the corporation and the San Diego Division, 
come the following recommendations during two weeks of intensive dis- 
cussion with the Army team, These are believed necessary to the accom- 
plishment of the objectives іп the nextemergency; first, to accelerate 
in the shortest possible time to a sustained production of 270 airplanes 
(B-2 type) per month, and second, to help establish an industrial organi- 
gation with which the next war can be won, The B-24 airplane is used ав 
a subject of the discussion only because its problems are known, and not 
with any idea that it will actually go into production again. 


The B-24 production acceleration problem has been studied in great 
detail with especial attention given to all factors which might change 
during peace years to shorten the period for the next war. The study 
suggests a conclusion believed to be sound that a period of not more than 
eighteen or less than twelve months will be required to reach a peak of 
270 airplanes of al type, and that during this period an organization 
may be built to sustain such production level, provided the following 
recommendations are effective in practicable form on M-Day, 


While these recommendations are not necessarily expressions of Divi- 
sion or Corporation policy, nor statements of official opinion of the 
Research Office, Headquarters, WOATSC, the required improvements are: 


1. Complete and continuous presplanning in which they desire to 
participate, 


2, A national service act is required to provide for complete con- 
trol of all manpower. This should insure that existing organisations of 
key companies such as this one from which tremendous expsnsions are to 
be required, are absolutely protected from depletion by the draft, In 
the face of an all-out industrial war, transfers from industrial to mili- 
tary service should not be permitted or made, If such transfers are re- 
quired by sheer necessity, they should be preplanned in detail, and the 
company should set up an orderly withdrawal schedule, 


3. The establishment of a local representative of Government 
final and complete authority and responsibility to make and administer 
the contracts іп 321 respects, This office to be staffed with а handful 
of highly trained and highly competent men (peacetime reserve), 


u. Тһе pre-preparation and constant maintenance of an engineering 
and production package by models to include: 


а, Complete engineering information ~ detailed drawings, stand» 
2 1 lofts, specifications for materials, equipment and 
nspection, 


b. Complete préduetion information - detailed production plan- 
ning paper covering everything necessary to procure, store and move the 
materials and components, to fabricate parts, and to make all sub and 
final assemblies, 


с. Complete t designs, and one set of produetion- 
proven high-produotion tools (15,000,000 cost on a B-24 type airplane) 
with two complete sets of control master gauges to locate all mating 
holes and contours, 


d. Complete parts lists and bills of material. 


5. А complete freeze of design for the production acceleration 
period, 


6. A new AAF Engineering Change procedure which will insure 
that no change will be ordered into manufacture unless the tactical 
advantage is worth more than the industrial cost, 


7. The continued use of the modification system under company 
control to free production lines of minor and super-urgent change re- 
quirements. i 


8. Only one model to be placed in production for one service 
in one plant at one time. This does not eliminate the possibility 
of replacing an old with a newer model after peak production is 
reached, nor one service procuring airplanes for another, 


?.The Army to establish a standard drawing room practice so 
that all drawings, prints and specifications for military airplanes 
shall be alike, | 


10. The Amy to stockpile 150 plane sets per model of materials 
and components of a critical nature, constantly reducing and rebuilding 
stockpiles as peacetime development and production operations progress. 


_ 4. The Army to work out with industry a target price contract 
to replace CPFF for peacetime procurement of (1) product development, 
(2) small volume production of accepted models, and (3) building and 
proving of production tools ani all planning paper. This contract 
is to be drawn to eliminate the general accounting office except in 
ease of fraud, 


12. The company to be given final control of all housing avail- 
able for occupancy by its employees, 


13. The Army to give and the company to take complete responsi- 
bility for the operation of the plant and details of the product. 
General specifications to be given by Army and planes to be delivered 
on flight line for acceptance in general, not in detail. Army inspection 
to be limited to one man checking the company inspection operation 
and technical processes used in manufacture, 


1h, Моге complete standardization and a single set of industry 
standards to eliminate company, Army, Navy, AN, GAA and Federal 
standards. 


15, A positive standardization by industry and Army of all such 
items as might be used on more than one plane model, Examples = 
electric motors, valves, extrusions. 


16. No more GFE or the elimination of "accountability" by per- 
mitting company to purchase and handle in plant by standard practices, 


17. On maltiplant production programs on a single model, the 
coordination committee should be established and the assoeiate plants 
designated at the time of Army acceptance of new models, 


18. On multiplant production programs on a single model, and 
after designation, associate primes should be given small contracts 
to cover work of developing and coordinating production planning and 
master tooling. 


19, Government representative at design prime plants should .. 
control Government representatives at associate prime plants. 


20. Goverment representative at design prime plant should 
coordinate early production in associate planis to distribute fabri- 
cated parts and sub-assemblies to secure earliest maximum complete 
airplane deliveries from the program as a whole, 


21, Оп all new models Government should specify peak production 
requirements with military requirements in the first request for 
design proposal, 


22, On all new models the company should include production 
planning and methods with engineering in the planning of basic de- . 
signs and the development of detail drawings. 


23, Spare parts program to be completely preplanned by ítems 
and requirements, and complete lists of requirements to be constantly 
maintained with design prime contractor as a supplement to his pro- 
duction contract. 


24. On multiplant production programs on a single model, all 
spare parts requirements to be filled by a single plant for the total 
schedule. This plant preferably not to be engaged in production of 

complete airplanes, 


25, The specialized depot (spare parts) should be operated by 
the company and adjacent to its plant, 


26, Spare parts should be delivered by sir direct from this 
one depot to combat groups in operating theatres without intermediate 
stock piles or pipe line. 

27. Contractor should be permitted to fly to destruction if 
necessary, the prototype airplanes to determine characteristics be- 
fore either company or Army give much attention to the details of 
equipment to be installed in production. 


28. Final authority for design changes should be vested in the 
Government representative on site, 


222 89. The machine tools needed for required expansion should be ХО... 
issued by Goverment, rather than issuing paper priorities. 


30. A program must be developed at once by industry and Amy 
to safeguard and expand the present stockpile of management and 
supervisory "know-how", which is already being depleted at an 
accelerating rate, рек 


THE PRODUCT 


In the fall of 1938 Consolidated Aircraft Corporation was in- 
vited to submit a proposal for building Boeing's B-17 type airplane 
for the Army. Consolidated felt that the B-17 design was incomplete 
and that the method of construction would be difficult to use in 
their shop. Using experience gained in building flying boats for 
the Navy, the Contractor, early in 1939, designed apd submitted a 
proposal to build the X8-2h. In March 1939 a contract was received 
to construct the -u, followed in April by an order for 7 B-2h's 
and in September by an additional order bor 38 more. During the 
early stages of production the French Government negotiated for 
the procurement of 139 B-24 type airplanes. After French capitu- 
lation, the British took over the French contract and the airplane 
was known as 12-30. Ав an aid to the sorely pressed British, the 
initial output of the plant was diverted to them by the Army. 
Tactical experience gained by the British caused the Army to re- 
quire the addition of turbo-superchargers, power turret and other 
tactical changes which made up the B-2hD. Delivery to the Army 
did not start until September 1941, 


Design & Development: 


The Contractor designed the ІВ-2) in answer to the Army request 
for a heavy long range bomber similar to Boeing's B-17 Flying 
Fortress, There was no predecessor model to the B-2l bomber. How- 
ever, during negotiations for the original XB-2l airplane contract, 
the company was testing an experimental flying boat known as Con- 
solidated Model 31, which embodied the Davis wing and a twin tail 
similar to that proposed for the prototype В-2ц. 


The original B-2l was an all metal high wing monoplane with 
four Pratt & Whitney R-1830 engines, twin tail surfaces, retractable 
tricycle landing gear and hand held 30 cal, machine guns. The 
gross weight was about 11000 pounds, After combat experience was 
gained by the British with the 18-30 turbo-superchargers, selfseal- 
ing fuel cells, 50 cal. machine guns, power turrets, hydromatic, 
constant-speed, full-feathering propellers and camouflage finish 
were engineered and added, 


Engineering improvements were constantly and rapidly made. 
The first model to be put into large scale production was the B-2hD. 
The B-21D had a wing span of 110', a length of 66'\", a height of 
17'11" and an approximate weight of 60,000 pounds. The four power 
plants were Pratt & Whitney R-1830 1) cylinder, rated at 1200 
horsepower and suspended from the center wing section. Considerable 


FIGURE RIGHT SIDE VIEW OF COMPLETE AIRPLANE 
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armor was added for crew protection,  Armament consisted of ten or 

more 50 cal. guns, including two waist guns and a nose, top, ball ес 
and tail turrets. The B-2l carried a bomb load of eight 1600 lbs. = 
bombs, 


Production ence and C exity: 


The Contractor had considerable aircraft experience in build- — — 
ing heavy flying boats for the Navy. This experience contributed d 
directly to the design know-how of the B-2l type airplane. The 
manufacture of flying boats for the Navy enabled the Contractor 
to build the organization which later expanded for the war production. 


Changing war requirements necessitated the large volume of 
engineering changes and the engineering department never quite caught 
up. The B-24 type airplane was built at Ford Willow Run; North 
American, Dallas; Douglas, Tulsa; Consolidated-Vultee, Fort Worth; 
in addition to Consolidated-Vultee, San Diego. The B-2 was con- 
sidered an easy airplane to build among the heavy bomber class. 


THE CONTRACT 


During the latter part of 1930, the Army Air Forces asked 
Consolidated to consider the building of Boeing's B-17 airplane to 
provide two sources for this four engine bomber. Therefore, San 
Diego personnel visited Boeing's plant in Seattle to study this pro- 
gram, and as a result of this study decided with Consolidated 
management that a new bomber could be designed and produced mich 
easier and faster, 


Based on the above decision, the Army asked for preliminary 
design and quotations for such a new bomber, Work was started — 2 
immediately and when completed in January 1939, the proposal was 
taken to Wright Field, Negotiated contract (W 535 ac 12h36) was 
agreed upon in February 1939 and signed 21 March 1939 for ons pro- 

'totype airplane, one wind tunnel model and one mockup at a total 2 
cost of 820,000 dollars. The prototype airplane was to be delivered 
in December 1939, This contract was immediately followed on 26 

April 1939 by contract No. W 535 ac 12464, calling for seven addi- 
tional Pauls at a total cost of $2,880,000 including approximately 
13% spares, Delivery was to begin with one airplane in May 1910 

and three per month thereafter until completion, - 


During the early stages of production on the above contracts, 
the French Government negotiated with Consolidated for the procure- 
ment of 139 Nl type airplanes and signed a contract for this 
amount on h June 1940. This is considered the first real production 
contract as all preceeding contracts were too small in quantity to 
enable the contractor to use production breakdowns to any extent. 
Contingent on satisfactory performance of the aforementioned con- 
tracts, and as additional appropriations became available to the 
Air Forces, a large scale production program for 7-2) type airplanes 
was planned as evidenced by additional Tixed Price orders as outlined 
below: 


Contract W ac 13281 entered into on 12 September 1939 called 
or very -u type airplanes at a total cost of 

$8,613,674, including approximately 7% spares at а unit cost 

of $223,300, with the following delivery schedule: 1 ~ October 

1940, 1 ~ November 1710, 2 ~ December 1940, 2 ~ January 1951, 
ге ae 4.- March 1941, h ~ April 1951, 5 ~ May 1951, 
5 = June 1941, 5 ~ July 1941, and balance of 6 in August 1911, 


| In view of the combat experience gained by the British on the 
L8-30, certain improvements such as leakproof tanks, turbo-super- 
chargers; and power turrets were required by the Army, and therefare 
Change Order No. 5 to this contract, dated 2l June 1910, was issued 
to incorporate the above and redesignate the airplane "Be2hD", 
which subsequently became the first production article for combat 
use after U.S. entry into the war. This change order increased 
the number of airplanes by 58 for a total of 96, with an increase 
in total cost, including spares, of $10,577,245.40, or a unit cost 
of $177,954.09, This change order further revised the entire de- 
livery schedule to be as follows: h = November 1950, 5 ~ December 
19h0, 7 = January 1911, 8 - February 1941, 8 - March 1951, 8 ~ April 
1951, h ~ May 194l, 7 = June 1951, 10 - July 19h1, 13 - August 19h1, 
16 - September 1941, and balance of | in October 1911, 


фи ас entered into on 18 September 1940 

or very of 352 В-2Ш) airplanes at a total cost 
of $85,008,000, ineluding approximately 5% spares, at a unit 
cost of $230,000, with a delivery schedule as follows: 1l ~ 
August 1941, 29 = September 1941, 32 = October 1911, 27 = 
November 1941, 30 - December 1941, 26 - Jamary 19h2, 33 = 

i February 19l2, 33 ~ March 1912, 32 - April 1942, 32 - June 

1912, and balance of 32 in July 1952. 


Contract DA W ас h entered into on 21 May 1941 called for 
e very type airplanes at a total cost of 
$226,636,200, including approximately 17% spares at a unit 


eost of $269,805, with a delivery schedule as follows: 15 ~ 
December 19h2, 35 - January 1953, and 35 per month thereafter 
until completion of the contract, 


АЕ) ас 21620 entered into оп 19 February 1952 called 
or very В-2Ш) airplanes at a total cost of 
$329 „ul, 515. 80, including approximately 13% spares at a unit 
cost of $238,727.91, with a delivery schedule as follows: 55 ~ 
March 1943, 100 - April 1943, and 100 per month thereafter 
until completion of the contract, 


Contract W ac entered into on 29 June 1942 called 
or the very B-2hD airplanes at a total cost of 
$150,937,500, including approximately 13% spares at a unit 
cost of $175 000, with a delivery schedule as follows: 80 ~ 
September 1913, 136 = October 1943, and 136 per month there» 
after until completion. : 


Contract W us ac 5222 entered into оп 21 November 1952 

© or the very of 900 B-2lJ airplanes at а total cost 
of $101,125,000, including approximately 13% spares, at a unit 
cost of $175,000, with a delivery schedule as follows: 61 - 
November 1913, 200 ~ December 1943, 210 ~ January 19hh, 220 ~ 
February 1914, 209 = March 19lh, Later, Contractor voluntarily 
reduced the unit cost per plane to $137,000. 


Contract W 535 ас 19923 entered into оп h February 19k) saper- 
etter contract dated 1 April 1943 and supplement 

dated 21 Мау 1943 and called for the delivery of 4500 B~2hJ 
sirplanes (to be produced jointly by the 3an Diego and Ft. 

Worth Divisions of Consolidated) at a total cost of $712,168,500, 
including approximately 13% spares, and also including the 
provision that Contractor was to furnish all special tools 

and ground handling equipment necessary to properly service 

B=2 type airplanes currently being produced by Douglas, Tulsa; 


cost of these ai was ер with a delivery schedule 
as follows: 111 - February 19] N K سد ی‎ 255 - April 
Vu, 268 - May 19hh, 257 - June 1914, 251 - July 1944, 256 = 
August 194h, and 210 per month thereafter until completion of 
the contract. 


It is to be noted that although the above contracts were awarded 
in sufficient numbers (exeept in the very beginning) to preclude 
gaps in the slowly growing production line, company policy dictated 
that the planning mst always be ahead of contract issuance in order 
to meet anticipated schedules subsequently imposed upon production 
lines as the war progressed, 
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monorail type cranes cover the entire assembly area. 


In Plant #1 are two main manufacturing buildings having dimen- 
sions 200! x 1500' and 360' x 720', Clear space under cranes із 
26'. Columns are spaced on 25' centers. In the long "final assem- 
bly" building there are two doors at each end 99! x 30' (door 
clearance), and one door in the east elevation Ц8'10" x 30°. All 
large doors throughout the plant are horisontally sliding doors 
hanging on o rails. In the other main nanuf ac tu building 
are the following doors: In the north elevation one door 96' x 36'; 
іп the west elevation two doors 88'10" x 36! and four doors 118! 10" 
x 36'; in the south elevation two doors 88710" x 36'. These build- 
ings are supplemented by office, engineering, experimental, storage, 
and miscellaneous buildings making & total area of 2,303,196 sq. ft. 
The experimental building has a door in the west elevation with a 
clearance of 1h9' x hot, 


In Plant #2 are three main manufacturing buildings each hOO' x 
750', divided into four bays 100! wide with steel columns spaced 
on 25! centers and 26! clearance under cranes, In each of these 
three buildings in both the north and south elevations are doors 
all 99' x 36', and in the east elevation are doors all Lö! x 36', 
In addition there із a paint shop 100' x hoo, a three story drop 
hammer building 80' x 2h0', shipping building 100' x НОО", two 
story office building 50! x 750', boiler and compressor house, and 
small miscellaneous buildings making a total of 1,076,215 sq. ft. 


Total area of Plants #1 and #2, feeder plants and warehouses 
is 1,193,716 59. ft. 


There is adequate administrative and shop office space, cafeteria 
and dining room facilities, toilets and rest rooms, training area, 
special testing facilities, and automobile parking space. 


The plant is situated on and uses the facilities of the muni- 
eipally owned Lindbergh Field, the commercial airline port for San 
Diego. This field has two concrete landing strips of sufficient 
length and design strength to allow their use by modern very heavy 
bombers. In addition and adjacent to the field there is a large 
marine ramp for the launching of amphibious planes and flying boats. 


This plant was originally designed and built for the production 
of large two and four engine naval aircraft. Therefore, the large 
open areas were readily adapted for production of the B-2) and 
could be utilized for all classes of heavy aircraft. 


Utilities and Services: 


The plant is adjacent to the Atchison, Topeka and Santa Fe 
main line and has spur tracks running into both Plants #1 and #2, 
Public utility companies furnish the gas and electricity, the 
latter being generated at Boulder Dam with local steam plant used 
as emergency and peak standby, Water and sewage services are fur- 
nished by the municipality. All service connections were single 
although backed up by standby capacity. The water supply proved 
just adequate during the emergency because of unusually heavy runoff. 
Additional sources, Boulder Dam for example, will be required to safe- 
guard future peak operations, 


The public highway running along between Plants #1 and /2 is 
-& modern divided sixelane highway artery connecting San Diego and 
Los Angeles. Adequate bus service to and from the plant is available, 


ANALYSIS OF CONSTRUCTION PROGRESS 


— 


Beginning with a completely integrated but small aircraft plant 
in the fall of 1939, Consolidated grew to its present size in three 
major expansion programs and several minor ones, The first two major 
programs expanded the then existing facilities, now called Plant #1, 
and the third program resulted in the facilities now called Plant #2, 


These programs are summarized in the following tabulation: 


Program Date Area Added Cumulative Area 
"> T Cof Plant мыш 
ist Major Expansion 1939-10 110,000 1,000,000 
3rd Major Expansion 1911-12 1,700,000 3,363,000 
Adm, Office Building 1952 157,000 3,520,000 
Plant #1 Additions 1913 10,000 3,530,000 
Plant #2 Additions 194% 176,000 3,706,000 
Continuing Misc. Additions 473,000 4,179,000 


Since the greater part of this expansion occurred before build- 
ing materials became critical, construction in general progressed 
normally and no undue delays were experienced, Construction time 
= not a "bottleneck" and did not adversely affect production acce- 

ration, - 


Early Plan 1 
It was evident by 1939 that the entire aircraft industry was 


due for a wartime expansion. European countries were contracting 
for planes in this country and our own military services, becoming 
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cognizant of the threat to our national security, were planning . 
for expansion of tactical air units snd negotiating for increased 
procurement of planes, 


Consolidated was ideally located for the production of flying 
boats and had been so engaged up to this time. So when the Navy 
decided to procure additional flying boats in the fall of 1939, it 
was only logical that Consolidated should get a share of this busi- 
ness, Furthermore since the number of boats contracted for, 200 
PBY's, was at that time considered quite a substantial order, it 
was evident that the existing plant would have to be expanded. 
Later expansions were planned and executed as the necessity arose, 


First Expansion: 
The following tabulation is a chronology of the first expansion: 


Date Event 

1 Oct 1939 Architect selected 

31 068 | ` Bids obtained on structural steel plans 

6 Dec Foundation drawings released for bids 

15 Jan 1950 Excavation for footing on first building began 

31 Jan All plans and specifications for general structures 
released for bids. 

13 Feb General structure bids received 

15 Feb Electrical plans and specifications released for bids 

16 Feb Steel sash proposal received. 

29 Feb Electrical bids received 

6 Mar Erection of steel in first building started 

1h Mar Heating & ventilating plans & — 
released for bids 

20 Mar Plumbing and heating bids received 

8 Apr Erection of steel in assembly building started 

1 Aug Approximately completion of construction 

1 Aug Approximate occupation of facilities and start of 
manufacturing operations ; 

The architectural firm of Taylor and Taylor of Los Angeles was 
selected to draw up plans and fications because Consolidated's 
previous experiencs with this firm hed been very satisfactory. The 


architect was retained to prepare 5 and specifications for the 


.- general structure only snd to furnish architectural supervision of 


the construction, 


Plans and specifications for the mechanical trades, electrical, 
plumbing, heating, monorail, etc., were prepared by members of Con- 
solidated's Plant Engineering Department. Detailed inspection of 
the construction work was also handled by the Corporation's engineers 
and inspectors, 


Competitive bids were taken on most of the work, The initial 
proposals covered the complete project. Individual fixed price 
contracts, however, were let for the various phases of the work and 
the Contractor acted as general contractor in letting these contracts 
and in supervising and coordinating the construction operations. 


Negotiations in connection with the financing of this expansion 

extended over a long period of time, The program was started under 

a "Closing Agreement" which was approved in the fall of 1939, but 

after Consolidated had committed itself, This was subsequently 

changed to a Certificate of Necessity covering all work performed poema 

subsequent to lO June 19h0, and this was later modified by an addi- 

tional Certificate of Necessity which covered all work performed 

after 1 January 1910, but previous to 10 June 1910, A final Certi- 

ficate of Necessity was not issued until sometime subsequent to 

іаағу . 
This expansion consisted of a new assembly building, a new 

paint building for final finish of completely assembled airplanes, 

additions to existing buildings, the erection of meszanines in exe 

isting buildings and miscellaneous smaller service buildings such 

as boiler house, storage sheds, etc. | 


At the time of the construction program there was по priority 
control, building materials were available, and the design was 
suitable for quick construction so that there were no delays other 
than those generally encountered in any program of this magnitude, 


Because of the type and method of construction requiring the 
use of floor space exolusively for construction purposes, it was 
necessary to await virtual completion of the facilities before 
their occupancy, Canvas covered shelters, therefore, were used 
temporarily for mamfacturing operations, It is desired to point 
out here that during almost the entire war period it was necessary 
to carry on some manufacturing operations in temporary structures 
and shelters, 


The first major expansion amounted to an additional area of 
410,000 sq, ft., which brought the total plant area to nearly а 


million square feet, The cost of the project was approximately 
$2,150,000. | 


Second Expansions 
The following tabulation is a chronology of the second expansion: 


Date | Event 


TIME Or rrr 


Date ' Event 
5 July . Decision made to increase ceiling height from 20' 
to 30'. M 
1 Aug Architect selected for Assembly Building #3 and 
other small structures, 
15 Aug С.Р.Р.Р. proposals on Buildings #3 and fl, received. 
19 Aug Construction drawings for Building fl completed, | 
10 Sept Pile driving began ~ Building fh, 
20 Sept Proposals on paínt shop addition received. 
23 Sept Architects final construction drawings completed. 
2 Oct Pile driving began - Building #3. 
5 Ost — Proposals on Plant Engineering Building received. 
20 Oct Proposals on Tool & Fixture received. 
23 Oct First structural steel erected - Building fh. 
Oct Final Government approval on entire project received. 
3 Nov First structural steel erected - Building #3. 
12 Dec Preposals on service tunnel received, 
13 Dee Proposals on boiler addition received. 
1 Feb 1911 Approx. completion of construction. 
1 


Feb Approx. occupation of facilities and start of шашы 
Š facturing operations, 


This expansion was divided into two parts, the first being a 
large assembly building 200! x 1500! (Bldg./l) and the second being 
an assembly building 360! x 720' (Blig.#3), an office building, addi- 
tion to boiler house and paint shop aud various other small structures, 


Two firms, one for each part, were retained to design and super- 
vise this expansion program, National Iron Works, San Diego, was 
selected to handle the first part and Taylor and Taylor, Los Angele 8, 
was selected as the architects on the second, This was done for the 
purpose of comparing construction under an engineer contractor agree- 
ment with construetion aecomplished by sending out complete plans 
and specifications prepared by a» architect and obtaining competitive 
bids from contractors, 


The original plan was to utilize Building Zh for parts manu- 
facture, After the preliminary design was completed, however, it 
was decided that the building would be used for assembly operations 
which necessitated an increase of ten feet in clear truss height. 
No other major design changes were made in this program, 


The major portion of the work was performed under cost-plus- 
&efixed-fee contracte. 


The project was started under a Navy sponsored Emergency Plant 
Facilities Contract which was later changed to a Certificate of 
Necessity, It is interesting to note that this program was started 
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six months before final Government approval and at least three 
months before any financing agreement with the Government. 


As in the first major expansion, there were no building mater- 
ial priorities or no delays in construgtion other than those normal- 
ly encountered except for the fact that a shipload of structural 
steel was sunk near New Orleans and it was necessary to make some 
substitutions of steel section in order to prevent a delay in the 
fabrication of stractural steel. 


Because of the type and method of construction, occupancy of 
the buildings was not practical until they were virtually completed, 
necessitating the use of some temporary structures for mamfacturing 
operations, 


This expansion increased the area of the plant by 663,000 sq. ft. 
and the cost of the project was approximately $2,870,000. 


Third Expansion: ; 
me following tabulation is a chronology of the third expansion: 


Date . Event 
1 Aug 1910 Site selected, 
10 Sept Architect selected. 
31 Ost D.P.C. finaneial approval obtained. 
5 Nov Preliminary drawings completed. 
16 Nov D. P. C. Lease Agreement approved, 
20 Nov С.Р.Р.Р. proposals on buildings rece! ved, 
27 Nov Contract for site fill and grading approved. 
2 Dec Filling of site began. 
Feb 1911 Priorities on building materials first assigned. 

11 Apr First structural steel erected. 
15 Oct First building completed and occupied. 
15 Jan 19h2 Complete piant operation began. 

June Completion of entire project, 


This project, Plant /2, was an entirely new facility and con- 
sisted of the following buildings: Three major manufacturing 
buildings 100! x 750', paint shop 100' x 500', boiler and 
house 60' x 125', two story shipping building 100' x hoo, two story 
office building 50! x 750', three story drop-hammer building 80! x 250, 
These facilities were designed and used for the production of major 
assembly parts. : 


The firm of Taylor & Taylor, Los Angeles, was again selected as 
the architects for this program not only because they previ had 
been proven satisfactory but because they were thoroughly f 
with the Contractor's facility requirements, 
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Proposals, based on preliminary drawings and specifications, 
were received from several contractors. These proposals covered 
the complete project except for the fill and grading of the site, 
A separate contract was let for this work. 


After the receipt of the general proposals and the award of 
the contract, it was decided to remove the fabricating and erecting 
of the structural steel from the general contract and handle this 
work under a separate agreement. The general contract was cost- 
plus-a-fixed-fee and the structural steel contract was on the basis 
of a price-per=ton. 


Negotiations in connection with the financing of this expansion 
extended over a period of approximately two months. The entire 
plant was constructed and equipped under а Navy sponsored D. P. C. 
Lease Agreement, It is significant to observe here that during 
the summer of 1910, the entire San Diego facilities of Consolidated 
were allocated to the Navy for administration and control, by mutual 
agreement of the two military services, 


During the entire construction program building materials of 
ell kinds were becoming more and more difficult to obtain, In an 
atiempt to control ihe use of these materials, priorities were first 
assigned in the early part of 1941, It is not felt, however, that 
priorities accelerated the delivery of construction materials al- 
though the system undoubtedly did assist in procuring certain 
materials which otherwise would not have been available. 


There were two main causes of construction delay in this pro- 
gram; (1) inclement weather, and (2) late deliveries of fabricated 
structural steel, 


The first delay was caused by the extremely heavy railfall 
recorded in the spring of 1941, which converted the plant site and 
surrounding area into a lake two feet deep, The second delay was 
caused by the local structural steel contractor placing an order 
for steel with a Pittsburgh mill whose schedules were crowded and 
who apparently favored eastern over western business, cons 
slighting the latter in the matter of deliveries. It was eventually 
necessary to send an expeditor backto the mill and keep him there 
until all the steel had been shipped. 


Buildings were occupied as rapidly as construction operations 
permitted and a minimum use made of temporary facilities. It is 
noted, however, that a large hydropress was placed in operation be- 
fore completion of the building by the erection of a local temporary 
housing, Throughout the war period an important though never large 
part of operations had to be done under temporary canvas shelters, 


This expansion increased the area of the San Diego facilities 
by 1,700,000 за. ft. at a cost of approximately $11,000,000. 
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CONSTRUCTION AND MACHINERY 


) T Construction Machinery and Equipment 
(in 000 (* 000) (in 000) Amount Complet-  Complet- C Ord n 
Bldg. Machy.& ~ h p Complet- Ordered Del vd. 
E ut M Committed ed ed ed as & gs Delvd. Delvd. as X 
Total Constr. Eqipmt. as % of as % of as оғ of final ^ of as X of as , of of final 
Author- Author- Author- Amount Amount “mount тоға) AmtAmpunt Amount Amount Total 
Date ization ized ized Authized Committed Authized Authized Authzd. ordered  Authizd. Authizd. 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
Prior 19,129 | 11,268 | 7,861 | 75 67 50 22 90 77 68 21 
June 41 19,140 11,269 7,871 75 84 63 28 90 85 76 $5 
July 23,818 13,444 10,374 72 85 61 32 76 84 64 39 
Aug. 24,631 | 13,455 | 11,176 | 78 85 66 35 76 81 61 40 
Sept. 24,651 13,471 11,180 80 89 72 38 78 83 65 42 
Oct. 24,673 13,491 11,182 83 91 76 41 79 86 68 44 
Nov. 26,962 | 15,517 | 11,445 85 97 2 51 82 86 71 47 
Dec. 26,962 15,517 11,445 87 97 85 52 85 87 74 49 
Jan. 42 26,969 15,523 11,446 90 96 87 53 87 88 76 51 
Feb. 26,981 15,523 11,458 94 99 93 57 88 89 79 52 
Mar. 27,696 16,190 11,506 95 96 91 58 91 91 82 55 
Apr. 27,736 16,203 11,533 95 97 92 59 95 90 85 57 
P , 
May 27,755 | 16,212 | 11,543 | 95 97 93 59 98 89 96 59 
June $2,597 17,424 15,173 90 96 87 60 82 84 69 61 
| July $7,698 | 22,445 15,253 | 80 89 71 63 82 87 71 63 
| Auge 37,746 | 22,458 | 15,288 82 89 75 65 85 87 74 66 
Sept. 37,946 | 22,458 | 15,488 | 82 90 74 66 87 87 76 69 
Oct. 38,167 22,648 15,519 87 85 74 67 87 89 78 70 
Nov. $7,600 | 22,070 | 15,530 | 89 86 76 67 88 92 81 73 
Dec. $7,611 22,070 15,541 95 85 81 71 88 93 82 74 
Jan. 43 37,703 22,121 15,582 95 86 82 72 88 96 85 77 
Feb. 38,753 23,171 15,582 95 83 79 72 89 97 86 78 
Mar. 39,133 23,233 15,900 95 83 79 73 90 95 85 79 
Apr. 39,484 23,397 15,087 95 88 84 78 91 94 85 80 
May 39,684 23,427 16,257 95 89 85 79 91 93 85 80 
June 39,999 | 23,689 | 16,310 95 91 86 81 93 92 86 81 
July 40,326 23,950 16,376 95 91 86 82 93 2 86 82 
Aug. 40,690 24,144 16,546 95 91 86 83 96 89 86 83 
Sept. 40,888 | 24,169 16,719 95 91 87 83 96 89 86 85 
Jet. 41,054 24,169 16,885 95 92 87 84 97 88 85 84 
Nov. 41,110 24,169 16,941 95 92 7 84 97 89 86 85 
Dec. 41,677 24,788 16,889 95 92 7 86 98 88 87 85 
Jan. 44 41,803 24,788 17,015 95 93 88 86 98 89 87 86 
"eb, 41,997 24,964 17,033 95 93 88 87 98 89 88 87 
Mar, 42,025 24,964 17,061 95 93 89 88 98 90 88 87 
Apr. 42,083 25,022 17,061 95 93 89 88 98 90 88 87 
May 42,250 25,091 17,159 95 94 90 89 98 90 88 88 
June 42,415 | 25,231 | 17,184 95 94 90 90 98 90 88 8 


Columns 4 and 8 are merely estimates which are used to indicate a trend, rather than to 
show exact values. 
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Additional Expansions: 


In addition to the major expansion programs there were smaller 
expansions continually in progress. An administrative office mild 
ing, company financed, was started in April 19h2 but dus to a four 
months delay in steel deliveries and additional delays ín other 
critical materials, it was not completed until March of 1913. This 
building was a seven story, reinforced concrete structure, 140! x 140°, 
with a basement and an executive dining room penthouse on the roof. 
This building was designed and built without windows, used fluorescent 
lighting throughout, and for an air cooling system utilized what 
is said to be the largest steam-jet air conditioning unit іп the 
country. This building had & floor area of approximately 157,000 
Sqe ft, and cost $1,300,000. у 


In the spring of 1913 а Navy sponsored Emergency Plant Facilities 
expansion was accomplished whith was large in dollar volume ($3,000,000) 
but small in added area. The expansion was mainly machinery and 
sprinkler equipment with only a few thousand square feet added in the 
way of sheds, mezzanines, and small additions to existing working spaces. 


i Beginning in the spring of 1944 and finishing a year later, 
Consolidated, along with the City of San Diego and the Marine Base, 
improved the existing facilities at Lindbergh Field and increased the 
length of the main runway to 8500 feet, This was done at a combined 

total cost of approximately 33,000, 000, largely company financed, 


In the meanwhile, additional Plant 72 expansions were being 
accomplished in the way of miscellaneous buildings, manufacturing 
and service and storage areas, amounting to 176,000 sq. ft. This 
brought the Plant #2 area up to 1,876,215 sq. ft. which added to 
the Plant #1 area of 2,303, ва. ft, resulted in a total area at 
San Diego of h,179,711 sq. ft, 


ANALYSIS OF PRODUCTION ACCELERATION 


E 


Based on careful comparison of monthly performance against Army 
requirements as reflected in the several schedules and contracta as 
they were released, the Contractor's production acceleration is rated 
as superior, While the first airplane was flown in the fall of 1939, 
passed its 689 inspection in February and was formally accepted by 
the Army in August both of 1910, this was the prototype airplane and 
represents only a small portion of the engineering program, The sche- 
dale of 30 November 1940 called for only seven airplanes in June of 
1911, peaking with thirty five airplanes in February of 1912. It was 
not until 20 May 1911 that anything like war production quantities 
first became visible, and this was only one hundred airplanes 


— - = — 


per month, which was promptly cut to ninety per month. In March 

of 1912 requirements for April of 1943 were set at 136 airplanes, 
which was raised in August by Navy requirements to 156 airplanes. 
The "-8 schedule with an effective date of 18 October 1953 is the 
first which aetually schedules the peak production reached less 
than a year later. It should be noted that in the first peak month 
l7 airplanes of three other types were being accepted by the Navy, 
while the Army accepted 270 B-2h's. 


In view of the combination in the one plant of the development 
engineering and the production development, coupled with the frequent 
releases of small increments of increased requirement, it is now im- 
possible to fix the point of approval by the Army of the full scale 
production project as clearly as in the case of an associate prime 
contractor who gets a contract and some sort of an engineering-pro- 
duction package. Actually the two phases of development overlapped 
and it was not until October of 1913 that the final release came, 
at which time planning for the ultimate peak virtually had been com- 

pleted, I 


One point is clearly established however, In spite of the 
contractor's constant effort to play safe as he saw the picture day 
by day, the slope of each of the acceleration curves, whatever the 
Scheduled volume, was just a little too steep in the early months. 
Neither the Contractor nor the Anny knew, and the schedule curvet 
did not reflect the actual point at which the project was located 
on the learner's curve, 


Produetion Plan: 


As the war clouds gathered, and with the concrete and priceless 
assistance of the French contract, later taken over by the British, 
ihe company constantly worked for more and more heavy bomber productive 
capacity. Such as they were, these general plans covered - ` 


l. In such volume as was stated in the ever changing require- 
ments, the complete airplane was to be built on site, and with an 
insignificant amount of subcontract assistance. Facility expansion 
was geared directly to this policy. 


2. Labor, material, equipment, etc., were all to be available 
in slightly larger quantities than the anticipated needs. 


3. Methods were to be those successfully used in building 
flying boats for the Navy, 


h. Equipment was in the first instance to be that used pre- 
viously and already installed, supplemented by more of the same type. 


5. Manpower inthe plant was to be that native to the community. 
No studies were made or could be made to show that the ultimate load 
would exhaust not the local market, but also overtax the cal 
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B-24 Acceptances and Schedules 


Schedules 
Accept- 

: ances : Nov,'41 arch 42 Aug,'42 Јад,'45 
Jan, 42 7 52 7 | || 
Feb. | 56 |- 887p | | 
Маг. т | 68 то | 
Apr. 79 | 76 78 
Мау 87 | 84 | 86 | 
[Juno 94 E 94 | | 
July | 100 90 | 100 | | 
Aug. | 108 | 90 | 10 | 108 
Sept. КЕБ: 21 | Уб 108-116 
Oct. 129 | 90 11225712126 
Nov. 127 90 18 | 127 | 
рес. 140 90 | 120 140 
Men. 43 | 120 | шар РА 156 156 
[Feb. 148 | | 65 128 144 | 144 
Mar. 152 | |-1sg. | 188 | 162 
Apr. 162 [*1s8 | 158 | 160 
Мау 177 | | | 136 156 170 
June 190 136 | 156 | 176 
July 202 | | 156. | 156. | 195 
Aug. 214 17186 | 156 2210 
Bept. 230 | |.-3156- 156 221 
het. | 245 | | 85 | 156 | 240 
Nov. | 250 | | 156 | 240 
Dec. 255 142 240 
gen. 44 | 253 | | | 240 
Feb. 254 | | 198 | 
Mar. 270 | 
Apr. 251 
May 270 | 
|June 260 


Juno '43 
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CONSOLIDATED VULTEE AIRCRAFT CORPORATION 
SAN DiEGO DIVISION 


— as AREA UTILIZATION & OUTPUT 

Direct Андон Area Work Week Total Pounds Accepted Man ire. Tye . Sarre: en => Сотр 

Total rect Exp. & Direct No. C.U. Site Per per per у 1 
Floor : Non» Yerd Direct Absence of & Lbs.Acc. Direct Total Direct Total Direct 

E. Area Total Total Aero Aero Area Workers Actual Schedule Rate Accept, g. u. Б.Р. БАР. C. US. F Sq.Ft. Worker Worker Ares Ares O.P. О.Р. 
June 41 | 48 41 86 39 2 4 289 | 46.5 50 3.24 = — = xe Ма 1.43 139 169 de! = E — 
July | 53 45 86 43 2 4 402 | 41.1 50 3.13 E == Es — EM 1.73 120 144 = = -- -- 
Aug. | 70 60 86 58 2 5 383 | 41.6 50 3.09 — — -- -- -- 1.27 122 147 — == == ы 
Sept. | 122 106 81 103 3 9 718 41.3 50 3.30 -- = zr — = 1.36 118 126 ше = -- -- 
Oct. i= 329 125 90 121 4 9 859 | 48.9 50 2.99 E -- -- = -- 1.36 119 129 -- -- = = 
Nov. | 468 414 88 402 12 30 | 3,164 | 45.1 45 2.80 -- — — — = 1.52 118 153 - E n lee 
Dec. | 1,053 870 | 83 839 31 76 | 8,421 | 45.7 45 | 3.30 | — = рі. EI = 1.93 94 109 E E - -- ° 
Jan, 42 | 1,388 | 1,290 93 1,241 49 103 13,811 | 51.2 53 5.41 7 141 33 174 146 2.14 81 110 .11 41. 16.0 84.0 | 
Feb. 1,705 | 1,551 87 1,493 58 121 14,510 | 53.8 53 5.83 56 1,130 136 1, 266 1,063 1.87 81 109 „62 „69 16.0 84.0 ; 
Mar, | 1,653 1,504 91 1,448 56 120 |15,233 | 45.2 48 5.58 71 1,432 133 | 1,565 | 1,315 2.03 8 110 80 .87 16.60 Б.с 
Apr. | 1,545 1,404 p 1,352 52 110 | 12,620 46.3 48 4.71 T9 1,594 311 1, 905 1,600 1.80 79 112 1.04 1.14 16.0 84.0 
May 1,614 | 1,469 91 1,390 19 115 13,339 | 48.8 48 4.43 87 1,755 244 | 1,999 | 1,679 | 1.81 16 107 1.04 1.14 |16,0 64.0 
June | 1,630 | 1,486 91 1,414 12 1,236 | 13,768 | 45.6 48 4.64 94 1,896 239 | 2,135 | 1,793 | 1.85 75 106 1.10 1.21 |166 64. o | 
July | 1,619 1,477 91 1,405 12 1,228 14,263 | 48.5 48 4.65 100 2,017 385 2,402 2,018 1.95 15 108 1.25 1.31 16.0 64. 0 ) 
Auge | 1,619 1,477 91 1,393 84 1,228 13,280 46.7 48 5.20 108 2,178 370 2,548 2,140 1.81 16 112 1.32 1.45 16.0 84.0 y 
Sept. 1,707 1,546 91 1,459 87 1,347 13,301 48.6 48 5.2 116 2,240 686 3,026 2,542 1.72 16 125 1.49 1.64 16.0 84.0 А 
Oct. | 1,708 | 1,549 91 1,462 87 1,347 | 13,348 | 49.2 48 6.93 129 2,602 749 | 3,351 | 2,815 1.72 18 128 1.65 1.82 |160 В4.с 
Nov. | 1,763 1,599 91 1,510 89 1,382 12,810 | 55.6 48 7.02 127 2,562 451 3,013 2,531 1.61 16 121 1.44 1.56 16.C 64.0 
Dec. 1,688 1,530 91 1,438 92 1,472 13,113 56.2 48 6.81 140 2,824 604 3,428 2,633 1.72 1 132 1.56 1.72 23.2 76.8 
Jan. 43 | 1,897 1,719 91 1,616 103 1,654 |13,809 | 50.3 48 5.31 120 2,778 895 | 3,673 2,814 1.52 78 124 1.48 1.64 23.4 16.6 
Feb. 1,953 1,364 70 1,305 59 848 13,732 41.6 48 4.95 148 3,426 610 4,036 2,837 1.73 80 99 1.45 2.08 29.7 70.2 j 
Mar. | 2,074 | 1,269 61 1,212 51 821 13,261 | 48.8 48 4.75 152 3,530 801 | 4,231 | 2,954 | 1.96 88 96 1.42 2.33 | 31.8 68.2 : 
Apr. | 2,186 1,263 58 1,204 59 480 13,449 46.2 48 4.91 162 3,163 745 4,508 3,241 1.86 91 95 1.48 2.57 28.1 71.9 x 
May 2,334 1,216 56 1,256 62 423 113,733 | 46.3 48 5.48 177 4,111 929 | 5,040 | 3,548 1.80 94 96 1.52 2.69 | 29.6 70.4 ; 
June | 2,452 | 1,385 56 1,220 65 444 13,832 40.4 48 5.60 190 4,481 695 5,176 3,535 1.76 97 100 1.44 2.55 31.7 68.2 | 
July | 2,521 | 1,421 56 1,356 65 444 12,91 | 41.5 48 6.07 202 4,764 981 | 5,745 | 3,849 1.72 105 110 1.52 2.171 - |33.0 67.0 | 
Aug. | 2,551 | 1,437 56 1,272 65 444 12,425 43.2 48 6.22 214 5,047 1,110 6,157 4,525 1.59 107 117 1.77 3.15 26.5 73.5 | 
Sept. | 2,691 1,507 56 1,439 68 473 | 12,737 40.9 48 6.79 230 5,254 803 6,157 4,464 1.56 109 118 1.66 „96 27.5 72.5 | 
Oct. | 2,190 | 1,559 56 1,489 70 489 13,020 | 43.7 48 4.72 245 5,703 684 6,387 | 4,663 1.62 109 120 1.67 2.99 27.0 73.0 | 
Nov, 2,773 1,549 56 1,479 70 486 |12,821 43.3 48 5.00 250 5,820 873 6,693 4,571 1.49 108 121 1.65 2.95 21.7 68.3 
Dec. 2,856 1,456 51 1,288 68 456 12,398 | 40.5 48 8.02 255 5,897 161 6,664 | 4,465 1.56 112 121 1.56 3.07 33.0 67.0 
Jan, 44 2,704 1,219 51 1,214 [11 432 |11,544 | 41.0 48 6.27 253 5,850 819 | 6,669 | 4,235 1.55 113 118 1.60 3.14 35.0 65.0 
Feb. | 2,699 1,376 51 1,311 65 432 |11,417 | 42.8 48 5,52 254 5,873 587 6,460 | 4,005 1.46 116 121 1.48 2.91 28.6 62.0 
Mar. 2,987 1,443 48 1,368 15 463 11,6% 41.8 48 5.50 210 6,196 1,239 1,435 4,684 1.5 128 123 1.57 3.25 37.0 63.0 
Apr. | 3,048 1,473 48 1,396 17 473 11,066 40.6 48 5.20 251 5,760 1,411 7,171 4,625 1.26 133 138 1.52 3.14 35.5 64.5 к 
May | 2,960 1,421 48 1,356 75 459 9,687 41.4 48 5.44 270 6,196 1,097 1,293 4,140 1.31 142 148 1.60 3.31 35.C 65.0 


June 3,098 | 1,480 48 1,405 15 480 | 9,085 | 43.7 48 5.21 260 5,983 933 | 6,916 | 4,426 | 1.22 144 163 1.43 2.99 36.0 64.0 


| 


6. No changes in management, procurement, or other functions 
or controls were made, contemplated, or appeared necessary. 


The production control organization for example was not set up 
until March 1941. It was charged with carrying through from master 
planning, detailed scheduling, order writing, dispatching, to stock 
control and issue of all finished parts and assemblies to the line, 
and parts or assemblies to Spare Parts. At the peak this outfit 
employed 2500 people. 


The impact of the Ford Willow Run project, approved 25 February . 
1941, proved a heavy overload on the already strained organization, 
and definitely set back operations at San Diego, The company learn- 
ed much from Ford that proved helpful in later months, but it cer- 
tainly got nothing by way of assistance in production planning from 
the sutomobile men at this crucial stage, While deliveries were 
made during 1939, 19l0, 191 and 1912 of B-2 type bombers, and the 
contractor was pretty much in line with Army expressed requirements, 
it must be kept in mind that these airplanes were built, not mani | 
factured. They were built not as the result of comprehensive in- 
dustrial planning as it was then known outside of the aircraft ; 
field, but because men knew how to build the "hard way" and because 
they had the determination to keep on doing more and more of such 
building. All of which reflects very greatly to their credit and 
to that of the contractor, and made a material contribution to the 
_ early development of American air power. 


During the summer of 1911 it became necessary to break down 
the airplane so that more and more people per hour could be put on 
assembly opera ons, and at the same time subcontracting and feeder 
plant operati gradually took more and more load off site, It 
took over a year for the new production control organization and 
the magnitude of the actual load to make any real imprint on the 
acts of the company. But by the summer of 1942 the moving assembly 
lines, complete break down in subassemblies, subcontracting opera- 
tions, and the use of company owned feeder plants began to tie to- 
gether into the first clear outline of the final preparations to 
actually manufacture, 


The following serious, insurmountable obstacles had been en- 
countered as the months passed, making earlier achievement of this 
objective impossible: 


1. The rate and quantity of B-2l airplane requirements were 
constantly being changed by Army - perhaps from necessity, 
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22 Тһе Contractor was completely lacking in production ex- 
perience, 


3. The airplane was not, and at that time could not have 
been, designed for volume production. No one then knew how to 

4. The Willow Run project continually demanded the attention 
of San Diego management, taking time which was never available, 


5» Тһе Contractor's engineering policy which had been so 


6. The engineering changes which the Army required to be 
made in this peacetime airplane doubled the load on tool design, 
tool making, production planning and the procurement of materials, 
The vital nocessity of many of these early as well as many of the 
later changes in the airplane is definitely challenged, 


7. The building of the tooling was constantly kept in check 
by the non-availability of mechanics and enginesrs in the San Diego 
area, and the constant lack of living accommodations for those who 
might otherwise have been moved in, Had other functions proceeded 
more rapidly, tooling certainly would have Stopped the acceleration, 
or forced a major change in the established poliey of producing tool- 
ing on site, 


point in its growth. 
Period of Acceleration: | 


Ав shown by the record alone, acceleration actually began in 
the summer of 1911 and the curve is relatively smooth from that 
point to peak, Prior to 1912 facilities had been developed, the 
growing organization was "shaking down", and the Army and the company 
were beginning to acquire a mental picture of the airplane itself 
and a mutual understanding of the size of the Job. But, airplanes 
in war quantities were not and could not be delivered, 
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Manpower had become critical, and the unplanned policy of taking 
the work to the worker had become an enforced practice. Subcontracte 
ing and feeder plant operations had become major factors by the end 
of 1952. Reeruiting, training and the practice of applying new 
people to the line had all been overhauled from necessity, and im- 
proved, Housing projects were in the makíng, but never became adequate 
until terminations cut the requirements, қ 


During 1942 the merger with Vultee was developing and was legally 
completed by March of 1943. The absorption of personnel and adjust- 
ments in operating methods strengthened the company as a whole. Of 
especial importance to the B- project, the San Diego Division, con- 
sisting chiefly of the- personnel which had brought the B-2l to this 
point, was established, and charged with the responsibility of finish- 
ing the job. The Division Manager for example had several superiors 
and several titles during the "shake down" period but kept the job 
going at ever increasing rate. Functions, sections and departments 
were shifted, strengthened or supplemented, but none of the changes 
appear to have been required by major failures or to have resulted 
from the "reorganization" found in many other programs during the 
war. Rather they appear to have been caused by the compression into 
a score of months of those growing pains, over-emphasised by the 
abnormal conditions, which are normally spread over a full generation 
of corporate life and growth, 


A break in the curve occurred in 1941-2 resulting from ambitious 
acceptance of schedules accelerating deliveries too rapidly for the 
assimilation of the necessary general experience. Of similar character 
but somewhat more specific was the break in 1942-13 due to failure 
to properly evaluate the time cost of the pier engineering changes 
then in process, 


Major elements of strength were developed during this long period 
of evolution which clearly would have made possible the delivery 
of many more airplanes per day from the San Diego Division had 
they been required and planned. This fund of experience has already 
begun to waste away in the backwash of terminations, although it 
comprises that indefinite intangible asset to national security which 
mast be conserved and preserved at any and all costs. Important 
elements were: ` 


а. The development of a very satisfactory system of rewarding 
management of all echelons by the monthly payment to each man of an 
incentive bonus, carefully measured and clearly understood, 


b. The development of an ingenious and highly effective sub- 
contract control system based on the supply of all necessary techni- 
cal assistance at the proper time, and the application of the learner's 
curve to each subcontract. < 


€, The development of the feeder plant system, including 
its own warehouse for materials and its own internal controls as 
& part of the on-site manufacturing department. Both of these 
methods of taking the work to the worker paid off in terms of 
employee morale and efficiency, both being substantially 
and the cost being substantially lower thm ever could be reached 
in the over-congested conditions in and around the main plant. 


4. The steadily improving position of the airplane, manage- 
ment personnel, and the direct workers on the learner's curve, 
Four years of growth from the date of birth of the airplane had 
proeuced an immense amount of experience which at last began to 
appear in operations and in deliveries. Of the three, man 
know-how was by far the most important, although transfer of the 
difficult, and the termination of the totally inept direct worker, 
was rapidly increasing the average value of the working force, 


Careful studies of the net worth of the contractor in terms 
of experience, and the recommendations which he makes for the 
establishment of ideal conditions within and without the company 
under which this particular job would be done in mobilising for 
the next war, thoroughly justify his estimate of 12 to 18 months 
time to accelerate to a peak production of 270 -a airplanes per 
month, 


It is difficult indeed for professional production engineers 
to discuss acceleration of "production" relative to an article 
consisting of over 145,000 parts, of which only 6,725 articles were 
produced while 1820 changes were being made. This is an average of 
three point six airplanes per change, or some three changes per 
day average at peak production. In an article as structurally 
complicated as an airplane, with such a high degree of inter- ` 
relationship of parts, components and equipment, the engineering 
change program was far the largest single factor of influence on 
production acceleration. It was not disposed of in the engineering 
department as might be superficially assumed, but it ran through. 

every department of the plant imposing on each roughly the same 
heavy overload, Attention is also invited to the frequent and 
radical changes in the priority ratings of the changes which had 
been AT as illustrated by plotting the status of ten changes 
on Chart #8. 


The challenge to the soundness of the engineering change pro- 
gram as a whole and the recommendations for a radical change in it 
must be taken with all seriousness when it is realised that 80% of 
the going cost of the Tooling Department went into changes in tool- 
ing and only 20$ into maintenance, while for every person engaged 
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in procuring materials for the production program, one other per- 
son was engaged in changing material procurement and delivering 
new materials to the line. ' 


Methods & Tooling: 


Originally seven designers and seventy one tool makers were 
engaged in producing the assembly jigs and the hand tools customari- 
ly used in pre-war airplane plants. As produetion requirements 
grew, necessitating more and more complete breakdown of the airplane 
to smaller subassembly units, so the demands increased for more 
tooling - more tools, more rigid and more precise, and so the per- 
sonnel increased to a peak of 584 on methods and tool design plus 
146 on lofting, and 1420 toolmakers. This was indeed an accomplish- 
ment in a pre-war community totally lacking in precision metal 
working industry. 


In addition to manpower the tooling program faced two other 
serious obstacles - engineering and know-how. The engineering of 
! the plane, due partly to its peacetime conception and design and 
partly to the continuous stream of Army changes, was never current. 
This resulted in a continuing demand for tools to be delivered 
yesterday ~ and іп many cases they were made before the drawings ` 
were finished, As for changes, attention must be again called to 
the distribution of the tooling expense dollar at the time of peak 
production ~ 20$ for maintenance and 80$ for changes for various 
reasons of which only a quarter was due to improved methods, 


Know-how was not. There never had been comparable volume of 
production of airplanes or any similar article so experience had 
to be acquired along the road, The first set of tools was satis- 
factory when used as intended to build a few airplanes, largely 
by hand, But these tools failed completely to produce assemblies 
which would “drop into place." And it proved to be impossible 
to get or keep the light tools lined up so exact duplicates could 
be made. The fixtures had to be completely rebuilt, much heavier. 

у ~ 

The guage program had to be developed to assist quality con- 
trol, including masters and control masters. This and the constant 
demand for more and duplicate tools brought out one of the out- 
standing contributions of the contractor - the tooling dock as it 
is called, This super master control fixture bears somewhat the 
same relationship to the production development of airplanes as 
the large wind tunnel does to their engineering development. 


Materials: 


"It was necessary to completely revise the pre-war conception 
of purchasing" and the evolution produced a stream-lined depart- 
ment which eut overall inventory from an early figure of thirty-one 
million dollars to eighteen million dollars, cut flow time in half, 


and prevented line stoppages due to material shortages. The 
evolution developed a new material system and the management 
incentive boms system which established direct financial profit 
to the individual for good operation and penalties for failnres, 


The resulting material system was simple. By classes of 
items procured and stocked, the department was broken into eight 
complete sections. Lach section Chief was responsible for adequate 


ferent organisational approach to a complicated problem of this 
nature, and one whieh made a material contribution to the production 
record established, 


The major difficulty in the Material Department was the Engineer- 
ing Change Program and the resulting continuing short procurement 
of critical electrical and hydraulic valves, fittings and accessories, 
and aluminum forgings and extrusions, all with long flow times even 
under normal uninterrupted procurement, 
Manpower: 
In hiring more people at peak than the total increase in the 
number of those gainfully employed in San Diego, in employing nearly 
20% of the pre-war population of the county, and in the absence of 
basic studies to show that the final manpower load would be far 
beyond the local market, the Personnel Group did artremendous job. 
Through cooperation with all possible outside agencies such as local 
schools, colleges and universities, trade schools and Government 
agencies, and through their own efforts in the fields of 
selection, up-grading, promotion, and recruiting campaigns both 
local and national, and in the face of a continuous and growing 
Shortage of living facilities, they succeeded in pouring personnel 
into the plant too fast for economical utilisation but always with 
capacity to keep production aceelerating,. 


In a naval base city of long Standing and rapid war growth 
in which fishing, small boats and tourists were the principle 
industries, the impact of the aircraft war program was received 
with a community attitude defini negative and verging on the 
hostile, Of the peak increase of in county population nearly 
80% was attributed to Consolidated, yet the turnover rate for two 
years around the peak period was only . l higher than that for the 
industry ~ 7.8 against 7.4. In spite of the housing shortage and 
the ecmmnity feeling for the in-migrants as evidenced for example 
by the refusal of the retail merchants to keep open for 
off-shift shopping, the absentee rate was maintained at 5.54 against 
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Direct Cum- Direct Build-up 

Man-Hours lative Man-Hours Increment 

(Actual) Man- ( From ( From 

(1000) Hours Curve) Curve) n AES Я 
June 41 58 60-180 | | | 
July 80 249 67 10 
Aug. ТІП! 526 86 9 
Sept. 144 470 124 38 
Oct. | 172 642 210 86 
Nov. 633 1,275 520 310 
Dec. 1,684 2,959 1,500 480 
Jan. 42 | 2,762 | 5,721 2,950 | 1,450 
Feb. 2,902 | 8,623 2,510 
Var. 3,047 |11,670 2,620 | 110 
Apr. 2,524 |14,194 2,740 | 120 
May 2,668 |16,862 2,860 | 120 
June 2,754 |19,616 2,990 | 130 
July 2,853 |22,469 3,100 | 110 
Aug. 2,676 |25,145 2,810 
Sept. 2,680 |27,805 2,760 
Oct. 2,669 |30,474 2,710 

© Nov. 2,580 |33,054 2,690 
Dec. 2,633 35,687 2,630 
Jan. 43 | 2,617 38,304 2,590 
Feb. 2,362 40, 666 2,550 
Var. 2,488 43,154 2,500 
Apr. 2,549 45, 503 2,480 
May 2,866 |47,869 2,440 
June 2,433 50, 302 2,400 
July 2,446 52,748 2,370 
Aug. 2,300 55,048 2,330 
Sept. 2,342 |57,590 2,300 
Oct. 2,531. |59,921 2,280 
Nov. 2,511 |62,252 2,220 
Dec, 2,296 64,528 2,190 | 
Jan. 44 | 2,138 66,666 2,160 
Feb. 2,008 |68,674 2,110 
Mar. 2,205 | 70,879 2,090 | 
Арг. 1,856 |72,735 2,020 | 
May 1,879 |74,614 1,900 
June 1,808 |76,417 1,890 
E | | 
| | | | 
| | | | | | | 
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an industry average of 6.5% for the two years around the peak pro- 
duction month. These figures coupled with the steady increase in 
deliveries point conclusively to the soundness of personnel and 
general management practices. 


Production (deliveries) doubled from the date of the personnel 
peak in November 1942 (45,531 persons) to peak production emp t 
in Мау uh, at which time total employment was 31,113, This drop 
represents sccurately progress of the company along the learners' 
curve for at peak the program of taking the work to the worker had 
taken off site something over 50% of the manhours, thus accounting 
for doubling the production. 


At peak 50% of direct workers were female, with definite pro- 
grams for and substantial utilization of marginal workers, Naval 
personnel, off duty, made another substantial contribution, But all 
the contributions of personnel of all types and ranks could not over- 
come the losses entailed in the operations of Selective Service and & 
the constant if unrealised three ef the draft on this young company ` 
and its equally young but highly experienced workmen, This situation 
leads directly to the most important recommendation of the manpower 
people to establish a single control for both airplane requirements 
and manpower utilization for the next war, 


Inspection: 


Faced with an even more serious recruitment problem, this 
Section grew up to a peak ratio of one inspector to twelve direct 
workers. Careful selection, adequate training, up-grading and prac- 
tically 100% on site inspection maintained required quality standards 
without seriously retarding flow of production materials, while a 7 з 
percentage check of incoming parts and components kept outside opera- ты суа 
tions under control. ; TM 


2 


Summary: 


4 As previously pointed out, the -u airplane was first 
conceived in late 1938 and designed, built and flown during the year 
1939, which is considered to be record time for a plane of this size, 
However, this speed resulted in engineering information being sadly 
lacking when production was begun, as a high degree of "shop engineer- 
ing" prevailed which later proved to be a serious handicap and one of 

— the contributing factors delaying all associate prime operations, as 
well as those of the prime contractor, 
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The Plan: 


At the time engineering was started on the XB-2h airplane, 
Consolidated Engineering Department consisted of approximately 
75 men operating all phases of this Department and was mainly 
concerned with the Navy ng Boat contract (then starting pro- 
duetion) and since the В-2 was to embody many of the 1 
of this boat, no great increase in the engineering staff was con- 
templated. However, the fall of 1939 brought with it a contract 
— the production of B-2h's and management decided that the Engineer- 
ing Department was entirely too small for the job ahead. A recruit- 
ment plan was formulated and put in operation in the spring md 
summer of 1940 to secure the necessary This теби tment. Y ya 
proved a wise move, bequase as the LP-30 British version of the (>. 
В-2Ң) was produced and used in the Turopean theatre numerous changes 
were indicated both from the production and combat viewpoints, 
This coupled with the joint B-24 production program starting in 
19l1 with Ford, Douglas and North American participating, made it 
necessary to maintain a staff of competent engineering personnel 
of approximately 600 at peak in the middle of ohh. Тһе many dif- 
ficulties encountered in the endeavor to maintain the per- 
sonnel necessitated the expending of considerable time and effort. 
Among the problems encountered was the engineering employee turn- 
over (approximately 75% per annum) attributable te inadequate 
housing, uncertainty relative to Selective Service policy, trans- 
- portation difficulties, etc. 


Initial Difficulties: 


At the time the first production contract was started in early 
1940, it was found that the airplane was by no means engineered 
from a production point of view, Therefore, the task of simpli- 
fying the production break-down was undertaken. This program 
threw a terrific load on the small engineering department, first, 
because of the great number of engineering changes required and 
secondly, because of the department's lack of experience in produc- 
tion designing. At approximately this same time, the AAF added to 
the load by their determination that later al aircraft mst be 
provided with turbo-superchargél power plants, leakproof tanks, and 
turrets. 


The impact of the Army change program at this point both on 
engineering and production was &pftened by the diversion of 26 air- 
planes, substantially to the original specifications, to the British 
in advance of the 139 (British) LB-30's which had been originally 
ordered by the French. This compromise with most urgent require- 
ments and available manpower maintained operations and made available 
full engineering strength for the AAF change program in January 1951. 


This delay (which was agreed to by the AAF thru the medium of 
Contract Change) caused by the above is evidenced by the fact that ` 
delivery of the ғғ airplane, designated B-2lD did not start 
until September 1941, or 10 months after delivery schedule called 
‘out in original production contract. 

Further delays to the В-2 engineering program at San Diego 
occurred in January 1941, men Ford engineers began arriving in 
that city. Their task being to gather the necessary blueprints, 
templates, lofts, etc., to begin manufacture, to study Consolidated's 
method of handling engineering matters, to develop a workable 
engineering procedure for Willow Run, and to collect all other data 
which they considered necessary to go into production on the B~2h, 
Although this time was well spent, as evidenced by the overall pro- 
duction record achieved by the participating companies, it hindered 
to large degree the efforts of the Contractor's engineering depart- 
ment because of the engineering manhours expended at a time when 
engineers were at a premium, 


The Handling of Changes: 


Throughout a period of approximately five years, during which 
time 6,725 airplanes of the B-2l type were produced in the San 
Diego Division, the number of master changes incorporated was 1,020 
or 1 for every 3.6 airplanes delivered, many of which were consider- 
ed unnecessary by the Contractor, This opinica ís supported the 
fact that 920 of the 1020 changes were incorporated in the 
after peak production had been reached and the airplane had been in 
combat some two years with great success as far as flight and combat 
characteristics were concerned, 


Early in the program these changes were accomplished thru the 
Engi: Department but as the program developed, it became 
evident that а new procedure was necessary, and in 1942 the company 
was ready to use the MOR system when it was adopted by the AAF for 
use in all airframe plants. This system was first established under 
the direction of the Master Scheduling Supervisor. However, dif- 
ficulties iamediately arose thru the insistence of this Supervisor 
that schedule on MCR changes mst be met even though the engineering, 
tooling and planning departments had not performed to schedule, The 
confusion resulting in all departments from this practice is the 
s reason why the company failed to meet their schedule early in 


In order to solve these problems, a master change board was 
created to coordinate all engineering changes with the engineering, 
planning and production departments before release into the system 
thereby giving all concerned a voice in the matter of scheduling, 
This practice worked fairly well, but the changes were coming so 
fast that this board could not keep up with them, and it was again 


necessary to alter the system and establish an Engineering Control 
Board to screen all such changes at time of arrival with the pur- 
pose of deleting all changes not necessary. This Board functioned 
satisfactorily, and literally hundreds of "useless" changes were 
eliminated by coordination with the project office at Wright Field 
and the local AAF Plant iepresentative, 


Perhaps of even greater importance in retarding progress than 
the number of changes themselves was the constantly changing 
priorities assigned to the changes. It seems obvious at this time 
that reassigning the priority of any change may readily mem that 
existing design work be thrown aside and & new design made to fit 
the condition of the airplane as of the new effective date. The 
chart shows that priority went repeatedly from top to bot tem and 
back to top during a short period. It is true that the period may 
have been too long, but certainly the priority change lengthened 
rather than shortened the period, 


During the war period at San Diego, four different models of 
this airplane were produced. The airplane was designated as B-2hD 
through Serial No. 2533. With the installation of the nose tur- 
ret under MCR 5310 on the 253hth airplane, the model designation 
was changed to aud. Beginning with the 5326th airplane, the 
tail turret was deleted for the purpose of modification center 
installation of hand held or Bell power boost tail guns and the model 
designation was changed to В-211. Beginning with the hard plane, 
the type А60 light weight tail turret was installed and the model 
designation was changed to Б-24М, Subsequent changes were minor 
and did not therefore cause a change in model number. 


The company did not use the block system until the B-2hJ air- 
plane was produced. Prior to this time all changes were designated, 
for record purposes, in "Series" which is substantially the same 
inasmuch as the "series" were broken in increments of 5 to allow 
for minor changes by the using service. The great number of changes 
required the use of 38 different series designations and 59 block 
designations from inception of the B-2lD (September 1911) to the 
termination of the program іп 19h5. This means that 97 different 
airplanes were delivered by the San Diego Division. Differences 
between major production blocks are shown on the following pages. 
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Series I ы 
Air Corps Serial Nos, h1-236h0 (135) thru h1-237h9 (Shh) ~ 
42$ 
M.G, No, Title 7144 
17 Nose Qun Installation, revision of 
19h Radio Controls for pilot - Location of 
197 GFE 0-6 Starter Series £43 
206 G.F. Airspeed Indicator Installation in Bombardier's 
Compartment (Type 0-14) 
218 SCR-518 Radio Altimeter - (Partial - Group A Parts only) 
Furnis equipment mounting brackets only 
Note: 1 = Install. ~ Furns, ~ SOR 518 indicator and 
control box (add brackets l1-23750(5l5) 
236 Bendix Lower Turret ~ Elimination of ~ L1-1187h (370) 
239 — Gun Instln - Tunnel Door - .50 Cal. 
2394 Tunnel Gun Stowage 
251 Relocation of Vent for "uxiliary Power Unit - with Са 
extension cord added for use of A. P. V. outside for ` a 
airplane * 
269 AFGE instln and M-l Bombsight with provision for alternate c 
installation of Mark IX Bombsight = 
e 307 Increase effectiveness of latches (Fore and aft movement 
of pilots seats) Apt Қ МС. 
$^ , 9 x АЧ“ * |9; | қ “ЈЕ 
Series у J я, э 
· Air Corps Serial Nos, 41-23750 (Sus) thru 11-23821 (619) 
CEI a 
M.C, No, Title Tu i 
‘óh Tail Turret Gun Door latch ‹ 
‚ 131 Filter - Vacuum Qperated Instruments - Indicator started 


with 11-23755 (550) 


242 . 
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Series V (Cont'd) 


ты 
куроп Te Facilities Top Turret & Flight Deck (Temporary) 
t ent started 41-23970 (765) Drain in Turret added 
41-2400 (895) 
Saf for Bomb Rack Control Quadrant әм 
with 1623806 (601) 
Master Power witch = Study of (starting with 41=23794 (589) 


Installation = Furnishings - SCR 518 Indicator € Control 
Box Addition of brackets 


Oxygen Outlet for Side Gunners 
ТТЛ Interphone Jack Box relocated beginning 41-24220 
Leading Edge Summer Fairing « Elimination of 


Series VII 


Air Corps Serial Nos, 41-23825 (620) thru 41-23859 (654) 


Баба Ho. 


129 


ILLA 
Auxiliary Fuel Tank - Bomb Bay 


Series X allez E 


Air Corpa Serial Yos, 41-23860 (655) thru 41-23919 (ma) 


ILE. 
Bomb Rack Control System < Redesign & Study of (Partial) 
Mount. Plates Co=linear Antenna 41-23664 (659) 
"Y" Fuel Tank Venting System (starting with 41-23275 (670) 
ets + Revision of (Starts on 


. Reduee Cable Rigging Tension in Rudder Control беђје 


Reduce Cable Rigging Tension in Afleron Control Cable 


Reduee Cable Rigging Tension in Elev, Control Cable 


-26- 


Series XIII | аем 
Air Corps Serial Nos, 41-23920 (715) thru 42-23969 (764) 
K. C. Hes ILLA 
19. 011 Tanks - Se 


lfeSealing 
(a) Component Parte for 41-23959 sent to Ft, Worth for 
Conversion to 0-87, 


Series XV 
Air Corps Serial Нов, 41-23970 (765) thru 41-24099 (894) 
K. Se Кол Ни 


55 (2 of 2). Add, Sta, for Navigator 


М5. Adequate Oxygen Facilities for Top Turret & Flight Deok 

Раз! > 41-23776 (571), Complete + 41-23970 (585) 
Change position of fitting and added drein to top 

— ~ 41-24100 (895) 

290 Revision of Landing Gear - Reinforcement of oak Spots 

279 83 . co. of Floor Structure Sta, #2 to #4.1 = 41-24055 
Note: Also on 41-24015 (810) thru 41-24017 (812) 

279 86 ` Reinforcement of Radio Operator's Floor < 41-24018 


(813) thre ECR 279 53 
327 фы): Reduce . Control Cable Travel from 18" to 9" «Started 
4,10) 41924056 (851) : 
327 re Ineresse Servo Tab Notion on Elevators 765 to 41 < 
| 42-23970 to 42-40337 


| Series 20 d 44/94 : 

Air Corps Serial Nos, 41-24100 (895 thru 41-24219 (1014) 

Y. La Нол шы 

40-24. Glide Bombing Attachment - Statio Pressure Line to 
Bember's Compartmont 

68-2 . Hydraulic Gun Charger beginning 41-24203 (9%) 

166 . Outboard Fuel Cells - complete installation started 
41-24115 (910) 

192 . Propeller Modification 


A 
„169% S 


192-1 Wide Blade Propeller (starting 41-24179 (974) 


41-24179 (974) 


2 24629 
Air Corps Serial Nos. 41-24220 (1015) thru 41-24311 (1106) — СДА 


№. Ca Bo, 
138-5 . 


AE 


Series 20 Cont'd 
іше 
Astro Dome Defroster 
Ring end Bead Sight Tail (Started with 41-24203 (998) 
Flexible Nose Gun Instin, (987) 41-24192 
Nose Landing Gear Damper Accumulator Valve бер Improvement 
Bombsight Stowage = Reloertion of 
Note: Effective only in 
895 thru — 
1065) and subs 


Reduetion of Rudder Control Friction and Reduction of 
Rudder Cable Travel 


Be24D Winterization Program (report) < started with 
41-24135 (930) 


A4 Gun Camera Mounting Prov, = Starting with | 


taki * д 


Крв AAF f41=24100 thru 41-24269 
Deleted by MOR 406 ААР #42-27270 


Series XXV 


LU 
Side Gun Installation 
Engine P.ffles - Revision of = Begin 41-24229 (1024) 
. munition Stowage : 


те Вело 


Heat for Flight Deck & No Compt, Addit 
285-1 Three Heaters 2 ed 9 (36268) 


Р» reinfore, collar 


285-2 Adáition of relay (1028) 
2853 larger Puse Box (1015) 41-24220 / 
Propane Gas Priming System = 41-24233 (1028) | 


Series 30 
Air Corps Serial Nos, 42-40058 (1135) thru 42-40137 (1214) 
Ms C. Hos TITLE | 
271 Additions penne Nose Oun 
271-3 Installetion of New à Hose Gan 
271-5-6 Addition of Right aná Left Hand Nose Guns 
271-10 Nevigetors Extension Light 
271512 = 518 Dut % Routing of Cordage f 
or 
271-14 Installation of Flex Нове о 
271-16 Son 54 < Jordege > Rerouting of 
274 Pilot's Side Window Blisters 
286 Heating Cover for Bomb Sight = 42140123 (1200) partial 
3001 remm E Ente + Provision and Instalistion < 
“ма Retractable Skid Tnstelletion 
45 Carburetor Air Sesop 
Series 35 
Air Corps Serial Nos, 42-40138 (1215) thru 42-40217 (1294) 
МОРЕ CN INL 
285 Marker Beacon (Change from 80-43 to 
- 42-40211 т Алы таныл ымны 
72-2 Tail Turret Blind Spot Reduetion = 42-40158 (1235) 
23612 Removal of Armor Plate (Bendix Lower Turret Prov.) 
42-40148 (1225) 
и“ 423-1 (аваат 9f Engine Cowling Support Brackets (42-40140. 
V 463-1 Reinforeement of Rudder Ribs (42-40213 (1290) Partial 
at 42-40165 (1242) 
472 Rev, of to accommodate Martin Turret « 
42-40188 (1266 


Notes Also in 42-40167 (1244) 


Series 40 
Air Corpse Serial Hos, 42-40218 (1295) thru 42-40257 (1334) 
Mala CS ішы 
132-2 (fup, 4) AD Cn eve + М — 
v 199-7 Bomb Rack Control System + Redesign and Study of 
233-1 Soundepreofing = See 253-01, Part 4 
295-1 Revision of Tail Formation Light Cireuit 
* Lightening of Control Forces (Complete Instellation) 
354-1 Supercharger Deflector Plates 
y 421 Emergency Нове Wheel Look 
| feries 45 
Air Corps Serial Nos, 42-40258 (1335) thru 42-40322 (1399) 
K. G. los іпш 161 
2851 A Пн с пи по Мыз озы 
A 
42-40859 (1936) | 
И 327 2-13 Reduce Cable Travel by replacement ef а 22etooth 
Һ“ ту Eoo Tn 
12-40959 (1536) , 4340262. (2399). 43040265 (1328) 
^ MBs руне of, Te Bumper Skid Shoe was Incorporated 
("Oo Wisi uos 
Serios 53 
Air Corps Serial Nos, 42-40345 (1422) thru 42-40392 (1469) 
| РЕЧЕ 74 ZIELE 193% 
50 Ineorp, of Automatic 041 Cooler Shutters 0") = Started 
42-40354, (1431) 


a | 


Series 53 Cont'd 
Ес, Jo... ILE 
5541 Lower Turret Heater Roceptacle = 42-40376 (1453) 
m Carburetor Air Filter | 
/ 09.12 unlock Spring Маја Landing Gear (42-40385 = 1462) 
370-1 Tail Turret, Foot Firing Provisions = 42640364 (1441) 
“ 293 Stabilizer Reinforcement | y 
Series 55 
Air Corps Serial Nos, 42-40% (1470) thru 42-40432 (1509) 
0..0, CN шщ 
66-1 Teil Turret Door latch Redesign 
1924 . Propéller Blade Modifieation = 42540408 (485) 
279-16 ma Bumper Gear Uplock elip 
470-3 Relocation of ingine 011 Breather (Started 42-40427 (1504) 
494—1 Removal of 4-12 Fire Extinguisher System 
Series 125 
Air Corps Serial No, 42-41003 (2080) thru 42-41047 (2124) 
Ku, No, TITLE FH 
146-7 Nowe, Passageway, redesirn Bulkhead 2.0 
191-41 Installation Armament Bomb Racks, Туре A-2 Release Units 
ME r aS eae امت‎ 
5370 Armor Plate for Bomber + Ste, 2,0 «Deletion of 
Series 135. 
Air Corps Serial Но, 42-41093 (2170) thru 42-41137 (2214) 
US, №. ILLE 
70-2 Tail Turret ~ Relocation of Additional Bulbs for Њеб Sight 
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Series 135 Cont'd 
R. C. Нол ILL 
35701 Carburetor Mounted Primer = Bendix PL-392434 in lieu 
Bendix 392192 = 4241115 (2192) 
376-1 Antenne Reel R/L «42 and Fairlead F=10 and details 
417-4 44" Van Ornam Retractable Ball Turret = (Turret well 


replaced to suit new turrets also floor from Sta, 6 to 
+ Beltframe 6,1 and bulkhead 7,0 redesigned to suit) 
Pertiel 42-41113 (2190) 


5471 «1830-65 Engine in lieu of R=1830-43 = 4241115 (2192) 


561-1 Lower Turrot Beam ~ Addition of Access Hole 
= 42641113 (21 
Series 145 
Air Corpa Serial No, 42-41179 (2250) to 42-41217 (2294) 
M. 2 CN шщ 
10541 Redesign and relocation of draft signal stowage rack 
4685 Bomb Bey Auxiliary Fuel Cell System 
536-1 Wheel Control Switch = 505 PB Switch < 4241187 (2264) 
537-82 Armor Plate and Brackets for Side Guns - Deletion of 
42-41198 (2275) 
Series 150 
Air Corps Serial No, 42-41218 (2295) to 42-41247 (2334) 
K. Са Non | STILE 
28801 011 Immersion Hester (2331 and on) 
34941 Flare Chute Door Inner and Outer = 42«41248 (2325) 
| Series 155 
Ar Corps Serial No, 42-72765 (2335) to 42-72814 (2384) 
M. Ge No, ` Zn 
13241 Redesien of 02 Panel 


=> 


Series 155 Cont'd 
| PN UON 30, IILE 
E EE tte 
42-73065 (2635) 
224,1 Grooving of Bomb Door Cable Drums 
299B Pilot's shoulder safety harness + 42-72799 (2369) 
3550 Supercharger Regulator 011 System = 42-72769 (2339) 
Series 165 
Air Corps Serial No, 42=72865 (2435) to 42-72914 (2484) 
KR. Ca No, TIME 
2744-1 Side Window Blisters + Radio Operator (Sta, 3,1 = 3,2) 
451-1 Pormation lights = Simple Installation 
531-02 dend Quadrant 


531-045 Nose Turret - СТАС 322580053 (m3) Production Install, 
Series Be24Jele00 
Air Corps Serial Hos, 42-72964 (2534) thru 42«73014 (2584) 


53101 Nose Turret + CVAC 32F5800-3 Production Instln > Armement 

5310-50 Pitot Static Mast Instin - Revision of 

5378-1 Armor Plate = Teil Turret = (Lower at knee) > deletion of 
42-72985 (2555) 

578 Designation Be24J in lieu of Be24D 


Series В-242.5-00 
Air Corps Serial Nos, 42~73015 (2585) thru 42=73064 (2634) 
He ба No, ZEILE 
6881 Tail Turret = Instln of Spring to improve Operation of 
Door Lateh on Model 3 Turret 
9541 Navigator's Observation Dome 
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Series Be24Je5-00 Cont'd 


Ha La No, A 
550-1 Bomb Hoist Pulley Bracket (100 to 1100/ Dombes) 
Strengthening of = 43273030 (2600) 


Series В0242-30-С0 
Air Corps Serial Nos, 42-73265 (2835) to 42-73314 (2884) 


R. G. Noy TELE 
359-2 Electronic Turbo Regulator = Installation of 
417-11 Bulkhead 7,0 - Addition of Lightening Cover Holes 


Series В-242-55-00 
Air Corps Serial Nos, 42-99936 (3085) to 42699985 (3134) 


426-8 — Power Plant Interchangesbility = Exhaust Collector 

Shroud and Cowl Flap = 42-99981 (3130) 
515-14 Relocated of Command Receivers to Clear Gabin Heating Duote 
57501 Gun Honters ~ Electrical Туре Jel = Provisions for 


Series B-241-75-00 
Air Corps Serial Nos, 42«100136 (3285) to 42«100185 (3334) 


TN ILL 


53181 мна = Motor Products ИРС 5800»5 Prod, 32-1200156 


Series В-247-80.00 
Air Corps Seriel Nos, 42«100186 (3335) to 42-100235 (3384) 


Be G. Нол шш 

466-2 Install Motor Products Tail Turret 327580095 ~ 
42=100201 (3350) 

466-11 Motor Products Tail Turret = Installation of Redesign 


of Floor between Sta, 8.0 and 9,2 and rework of Floor 
Between fta, 7,3 to 7,4 


592-1 Main Fuel Cell Backing Plates - Rear Sper 
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Series В-242-115-00 
Air Corps Serial Нов, 42-109889 (3685) to 42-109938 (3734) 


Ws Ss Nos ZILE 
E Modified Briggs Bottom Turrets 
47211 Top Turret + Improvement of Seal = 42-10990$ (2702) 


Series E924J-130-00 
Air Corps Serial Nos, 42=110039 (3835) to 42-110088 (3884) 
Ја ба Вол ILLE 


20243 ion Means, Modifiention of ~ 
HO os 9570 (38:6), 42-110072 (3868), 42«110075 
454-1 — Safety Device to Prevent Surface Controls from 
wher Airplane is in flight < Notes Dwg 320696 "д" 

lished on 42109940 (3736) thru 42109949 mo, 


422109953 (3749), 42-109956 А у 420109962 (3758) 
thru 426109964 (3760) 


Series B=24J=12500 
Air Corps Serial Nos, 44-40849 (4785) thru 44=40948 (4584) 


94D Navigator's Astro=Compass Mount Instin = Redesim of 

146-2, 3 Passegeway to Nose Compartment = Improved Study means to 

жт Нове Turret = Prod, Instln = Change to N, American Version 
p, 


Series В-242-195-00 
Air Corps Serial Nos, 44-41049 (4985) to 44-41148 (5084) 


шщ 


Redesign of Nevogator's Dome Escape Hateh 1а%оһ 
44941135 (5071) 


Modification Ma in Landing Gesr Pivot Hous A 
т.о. 01-5111 4 44-41114 (5050) * 


Cabin Heat Instln ~ Mod, of -44-41089 (5025) 


Тен 
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Series Вь241ғ1-00 


Air Corps Serial Nos, 44-41390 (5326) to 44-41488 (5384) 
laa Hos ALLE 
466F uro Tei Turet = Rev, to Fuselage Fairing for 
575D Gun Hesters in Emerson Nose Turret = idi, of Cord 
Support Clip = 44-41399 (5335) 
Series В-241ғ5-00 
Air Corps Serial Nos, 44-41449 (5385) to 44-45148 (5484) | 
WW ON ZILLE 
2747 Pilot's Side Window, Instin of Blister Eseape Type ~ 


Fist Panel to te installed in lieu of trunsated eylinder = 
partiel | 

Instln of 80-103 Radio Equipment AN-100 Antenne and 
Receiver BO-733-A 

Elimination of Gear Boxes in the Aileron Control 


346-2 

407-1 

5784 "Model Designation" + Letter change eoneurrent with 
Hand Held Guns in lieu of Tail Turrets", 

606B 

611 


Seanning Window for tors Five inch lister in 
lieu of nime inch 4441455 (3401) 


Side Window for Bombardier < Adán of Flat Panel for 


Side Vision 
| Series NAL 100 
Air Corps Serial Nos, 44-41807 (5743) thru 44=41848 (5784) 
Kl, Ло» іше 
466H Tail Turret + Instln of Type 4-60 < 5743 + 44e41907 
Series B-24H. 5-00 
Air Corps Serie] Нов. 44-41849 (5785) thru 44-41942 (5884) 
LA. . ІШЕ. 


128712 Heat Anti-ieing = Improvements Found Necessary by Flight 
470A Engine Cowling Support - Strengthening of Attachment 
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Series В-24и-5-00 Cont'd 


м. C. No, Title 
(7281 Тор Turret ~ Revision of Mounting for = hh-11898 (5831) 
lB Rudder Tab Control Fairing - Reinf. of 
Series B-2lM=15=00 
Air Corps Serial Nos, ll-h20h9 (5985) thru hh-h21h8 (6084) 
М.С. No. Title 
138w Side Waist Cuns ~ Inspection and Rework of N=ó Swivel 
Mount in accord. with Т.О. 11-10-31 of 9-29-À] ~ 
(6019) khek2083 
154=12 in Installation ~ Standard N-56 = 1Д-42099 
10842 72. pe = Fixation of Upper Outer Flaps = 14-12120 
4578 | Aileron Tab - Increased Span ~ 14-2114 (6050) 
O Bug etd А дарын 
(6035) 
Туре of Changes: 


for handling those which are essential, it must be recognized that 
two basically different types of changes in drawings and shop prac- 


be permitted during the next war time acceleration period, The 

first class should be entirely eliminated during the peacetime 

small volume production period by the program discussed throughout 
this report, The second class of changes can not be imposed on 
production lines by the Army while it secures at the same time the 
maximum amount of equipment for the combat air forces in a minimum of 
time. 


Approval Authority: 


A major factor in the time cost of making these changes was 
the requirement for detailed approval in Wright Field. There seems 
to be no more reason for a detailed Army approval of the new paris 
than for those being replaced, It is recommended that this authority 
be delegated to the Government representative at the plant, to mater- 
dally reduce the time cost of making essential changes, 


Advent of the B-24 Committee: 


As noted elsewhere in this report, the B-Zl Committee, at the 
insistence of the AAF, was established in March 1912 to coordinate 
the many production and engineering problems that appeared in the 


however, engineering Changes were becoming more and more a serious 
bottleneck and were complicated by the fact that all engineering 
changes were to emanate from San Diego. It was found that in many 
cases data sent to the participating companies arrived too late for 
incorporation in the desired block » Or the design was such as to 


and, in an endeavor to improve the picture, an engineering sub-com- 
mittee was established during May 19h2, 


This sub-committee was very active in the engineering picture 
and did much to bring Consolidated and Willow Run closer together 
by the coordination and simplification of both companies! engineer- 
ing systema, 


қ Recommendations: 
It is evident that numerous changes must be made in the existing 


ng procedure if maximum results are to be obtained in a 
future emergency. Such changes should include the following: 
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2. Establish s standard drawing room procedure for use by 
all companies on all military airplanes to insure that all drawings, 
prints and specifications will be alike reproducible and under 
standable by all participating companies. 


3. On all new models of aircraft, the AAF should specify the 
peak production requirements desired in first design contract. 


he At the start of a future program, the design should be 
frozen until the peak production has been reached, and then 
those changes vitally necessary to safety and combat effectiveness 
should be made. 


5. MI specifications such as AN, AC, Navy, CAA and Federal 
mast be coordinated with and preferably issued from one central 
agency as a single standard specification, taking into consideration 
all the specifications then existent in industry. 


6. The location on site of final authority on design changes. 


PRODUCTION METHODS AND TOOLING 


Consolidated's production effort for the war emergency resulted 
in the sudden growth of a small job shop making airplanes by hand 
to a very large integrated factory using to some extent modern in- 
dustrial methods. This gradual growth was very well suited to the 
production of the B-2l in that it had a flexibility necessary for 
the incorporation of the many design changes. This production 
system was weak in that little detailed planning could be done in 
advance under the rapid schedule changes and it required a very 
large amount of manpower, 


The Plan: 


Consolidated did not have a complete oversll plan for the pro- 
duction of the B-24. The facility had been sponsored and set up as 
a Navy source for heavy flying boats. During a lull in Navy 
boat programs the Army placed a contract for the XB-2l and other 
contracts followed. When the first production contract was signed, 
$3,000,000 was spent in expanding production facilities, The next 
production contract necessitated the expenditure of approximately 
$22,000,000 to build and equip Plant #2. With each change in air- 

' plane delivery schedule the contractor made a production plan to fit 
that schedule plus a little more. 


The contractor expected to make and assemble all the required 
parts in his own plant except standard parts, such as nuts, bolts, 
fittings, terminals, etc. and parts requiring special skills and 
equipment such as landing struts, pumps, electric motors, etc. 


The existing production and supporting departments were to be 
expanded as rapidly as possible, 


Plant #2 was designed to fabricate and assemble subassemblies 
to feed the production line at Plant #1. 


The tooling plan consisted of duplicating the existing tooling 
to obtain more production, 


Workability of the Plans: 


To explode a plant making a small number of airplanes by hand 
into high gear production many requirements must be met, 


1. Engineering must be completed far enough in advance to 
allow for production planning. The lofting and templates must be 
complete and accurate, 


2. Production engineering must be complete so that production 
breskdown of the product is available for shop planning. 


3. Engineering changes must be held to a minimum and the nec- 
essary changes must be completely planned in advance. 


ц. Тһе tool planning and design departments must be adequate- 
ly staffed and organised, 


5. Tooling, dies, jigs and fixtures and master controls must 
be accurate and available for rapid acceleration. 


6. Large tool making resoürces with many skilled workers 
must be availsble at the start of each program and also available 
to handle necessary changes, 


7, Raw materials and purchased parts must be available and 
their control in the plant must be accurately timed, 


Strength of the Plans: 


Consolidated always planned for a slightly greater production 
than was currently in work. Under this planning manufacturing space 
and machine tools were always available. 


Throughout the war emergeney the Contractor had in production, 
in addition to the Nah, several models of flying boats for the 
Navy. This miltimodel production necessitated a rather large tool- 
ing department and tooling for changes could be fabricated rapidly. 


The effective use of Plant #2 for fabrication and sub-assembly 
was possible as the airplane was broken down inte smaller sections 
so allowing the use of more workers per hour with greater efficiency. 


The Contractor's tooling was not elaborate nor rigid as compared 
to Ford's and as new techniques were worked out they could be used 
readily. Sinee the tooling plan was more flexible, actual production 
could be attained sooner, 


Weakness in the Plans: 


Due to the chronic shortage of skilled personnel in the Engineer- 
ing Department, engineering information on the B-2l was never quite | 
accurate, up to date, nor complete. This lack of information delayed 
every other function in the production cycle and necessitated much 
shop engineering, 4 


The АДР requested and Consolidated's engineers attempted to 
incorporate too changes without proper planning which resulted 
in confusion and de on the produetion line, 


The Contractor's expansion from low production using skilled 
hand workers and the lack of high production "know-how" necessitated 
the use of excess labor as judged by automotive ction standards. 
Since skilled workers were not available, first al people and 
later large numbers of in-migrant workers had to be hired and train- 
ed which delayed the progress, As the program developed the shortage 
of manpower would have limited the actual production at San Diego, 
so feeder snops and outside subcontracting had to be established to 
take the work to the worker, The breakdown of the airplane into 
smaller sections was not done until the shortage of skilled workers 
made it imperative, 


The lack of rigidity of the fixtures themselves proved a very 
serious handicap, and it finally became necessary to use a dozen 
men full time in a futile effort to check and to restore alignment, 
When tne fixtures were redesigned and rebuilt using sixteen inch 
$teel tubing in the place of four inch, the problem was solved and 
mating difficulties were eliminated, 
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Working out the Plans: 


The tooling used in the production of the experimental models 
and the LB-30 were on hand and were used to start the production of 
B-2h's, Production "know-how" of the original staff was available 
for starting the production line, 


The Engineering Department was on hand to iron out inaccuracies 
and establish masters, > 


The Tooling Depattnent was well equipped and a relatively large 
Staff was on hand which did allow rapid tooling. However, due to 
the large number of changes released, at times it was necessary to 
send some tool work to outside contractors. 


The original production tooling plan for 90 Be2h's per month 
had been substantially released to the tool fabrication departments 
in the early fall of 1911 and was substantially completed by end 
of that year, ` 


Consolidated, being the design prime contractor, was required 
to produce or make available to the other contractors tool designs 
and many master gages in addition to tooling forzany of the sub- 
contractors and all feeder plants, To accomplish this project tne 
Contractor developed the tooling dock, which saved a great amount 
of layout and construction time. (See following illustration of a 
new "three dimension" surface plate.) 


Assembly Tooling: 


The assembly tooling at the start of the progran was used to 
build complete major assemblies in the jigs. The worknen were 
skilled in building and installing operations. As the production 
was stepped up and additional skilled all-around mechanics were 
not available, these major assemblies were repeatedly broken down 
into smaller and smaller sections. This breakdown allowed more 
people to work on each section and also required only the develop- 
ment of special skill by the worker for one Simple operation, As 
production experience increased a further division of work was 
made, The time in the main assembly Jigs was further reduced by 
using the main jigs to align the parts and install only the aligning 
rivets. Detail riveting and accessory parts were installed in 
adjacent moving assembly lines, By the time this plan was operative 
the subassemblies fabricated at Plant #2 were complete and required 
only mating and assembly at the main assembly line Plant #1. 


ті 


Ап example of the flow for the wing department follows: 
l. Cutting and forming of parts for "ing. 


2, Assembly and key riveting of wing members in the wing 
jigs. + 


3. Transfer of partially complete Wing to moving wing line 
where detail riveting, installation of components, plumbing and 
wiring is made, 


lh. Delivery of complete wing to final assembly line Plant #1 
where installation to the fuselage is made, 


The 12 wing jigs were of heavy steel tubing construction served 
by overhead cranes, and having two working levels for convenience, 


The moving conveyor line for detail work held the wing in the 
flat position and was approximately 700! longs 


The airplane fuselage cabin was built in a similar Jig. After 
structural assembly it was taken apart at the vertical center line 
for installation of components, plutbing and Wiring and then mated 
on the final assembly line. The other subassemblies were constructed 
on similar jigs. 


Extent of Tooling: 


The number of tools, jigs and fixtures actually used to produce 
the B-2l was about 45,000 and with the replacement of tools required 
by design changes the total quantity produced was far greater, The 
Contractor was too busy and lacked the skilled manpower to develop 
very many new processes of manufacture and on the whole stayed with- 
in the general practices of the aircraft industry. Some production 
short cuts were developed and among those worthy of mention are the 
sheet deburring machine and the tooling dock. 


The sheet deburring machine passed the drilled sheet thru rubber 
covered rollers and scraped the burrs against fixed steel knife. 
The operation was very fast and effective, i 


The tooling dock is a rigid but movable system of accurate 


layout and duplication of jigs and fixtures as well as master gages 
and templates. The fixed longitudinal straight edges are supported 
by a massive reinforced conerete superstructure and base insulated 
Fron the building. The vertical and transverse straight edges are 
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FOUR fixed longitudinal straightedges are mounted on the supporting structure — two on the founda- 
tion, two on the superstructure. . . . Vertical straightedges are mounted on the longitudinal straight- 
edges. One or more transverse straightedges can be mounted on one pair of vertical straightedges to 
comprise a set. If the plane of a pair of vertical straightedges is visualized as a drafting board, the 
transverse straightedges can be considered as analogous to the conventional parallels used on such 
a board. . . . . Transverse straightedges are balanced for easy operation by counterweights inside the 
vertical straightedges. A set of vertical and transverse straightedges can be moved easily to any posi- 
tion along the longitudinal straightedges by means of an overhead crane. A screw jack at the foot of 
each vertical straightedge permits adjustment to relieve any strain on the longitudinal straightedge. 


same tooling methods could not provide the precise co-ordination control which such 
a manufacturing program requires, aircraft manufacturers have had no alternative. 

Common practice has been to fabricate costly, complex dummy master gauges 
from which to produce a limited number of relatively large assembly fixtures — large 
fixtures in which major parts of the airplane could be assembled as units. 


0, using such methods, efficiency was further sacrificed to expediency. Only а 
limited number of production mechanics could work in each assembly fixture, and 
every mechanic had to be craftsman and contortionist combined — hand fitting, 
cutting, drilling, and riveting while squeezing into tight spots in the large assembly 
fixtures. |t was difficult to train and use semiskilled or physically handicapped 
workers under such conditions. . . . Such production methods violate the first prin- 
ciple of efficient manufacture; viz., effective employment of labor requires that the 
skill involved in each operation be reduced to a minimum. 


Cen — 


Qu of this welter of confusion was born the MASTER Tooling Dock, conceived 
to reconcile a complex system of interrelated 33 problems — problems 
whose core lies in assembly tooling. 


he were the problems: 


0, it possible to establish rigid dimensional control over 
assembly tooling directly from engineering design? 


0, it possible to so apply this rigid dimensional control as to 
produce rapidly and at low cost . . . assembly tools that will 
- automatically provide the positive, progressive co-ordination essen- 

tial to line production? 


Оке MASTER Tooling Dock was designed to answer these questions positively and 
affirmatively. The consequences of the technique are so extensive as to effect a 
pyramiding increase in efficiency. Engineering design, tool design, toolmaking, and 
product fabrication can now be simplified and correlated about a single nucleus — 
the MASTER Tooling Dock. 


movable, The straight edges are of box construction with a tee 
slot extending the full length. The work surfaces are carefully 
machined and scraped to close tolerances. Single line of bushed 
•500" diameter holes extends the full working surface length of 
each straight edge on exactly 10,000" centers. An overhead crane 
is used to move the various elements. Contractor estimates that a 
601 x 10" x 10! tooling dock can be built for $50,000. 


Early in the program use was made of prepunched pilot rivet 
holes, These pilot rivet holes were drilled to rivet size at assem- 
bly in the jigs. Later as personnel became more experienced and 
the jigs in use were more accurate, full size rivet holes were pre- 
punched in the skín but this type of prepunching was not very 
successful. 


Throughout the production period steel faced blankin; dies 
were used with rubber strippers. Forming of parts were done with 
stretch presses and drop hammers using zinc and kirksite dies, Exe 
perimental and small run parts were made by hand forming or by wood 
form blocks in drop hammers, 


Difficulties: 


1. Мау engineering changes which required immediate incor- 
poration on the airplane made obsolete both tools and parts in 
manufacture, 


2. Due to manufacturing and transportation time, many tools 
that were subcontracted were obsolete upon receipt, due to engineer- 
ing changes and required considerable regork, if not serappingo (W 

3. Difficulty with subassembly and feeder plant production 
was caused by engineering changes. Changes in tooling and material, 
again due to transportation and manufacturing time, could not catch 
up to the change schedule and in many cases necessitated the set up 
of jiga at San Diego to correct assemblies received, 


He The shortage of manpower at San Diego necessitated an 
increase in the amount of work sent to feeder and outside subcon- 
tracting plants which in turn required more tooling to send with 
the job, 


Se Тһе necessary use of unskilled assembly workers at San (W) 
Diego required the regorking of many existing tools to improve acocu- 
_ гасу of finished parts so they would "fall into place." Се 


6. The ultimate use of a high percentage of female labor 
required super special attention in tool design and considerable 
rebuil 


ding. 


Changes Made: 


The most important change in manufacturing methods was the 
moving back of final assembly operations into the subassembly de- 
partments so that when subassemblies reached the main assembly líne 
mating and rigging were the only operations required, This change 
required more complete and accurate tooling in subassembly depart- 
ments. As manpower shortages in the San Diego plant became more 
critical, more work was sent to feeder plants and subeontractors, 
Much of this outside work such as wiring harness and formed tubing 
required fixtures that had not been needed in original final assem- 


The initial setup for formed parts had been drop hammer dies 
of Kirksite with the use of rubber for back up. As production exe 
perience increased and the design became more stable gine and Kirk- 
site dies were used which required much less hand work to finish 
parts, | | 


Magnitude of Tooling г 


The Consolidated Aircraft San Diego Plants represent an invest- 
ment of approximately $60,000,000 of which about one-half is machine 
tools and fixtures. This represents a large investment in terms of 
product produced as compared to high production industries, However, 
the airplane is not a high production industry and very little auto- 
matic or semi-automatic machinery was used and machine and manhour 
costs per operation were high. Р Š 


A large part of the tooling expenditures were made to incorporate 

large of "m 
"going costs" áf the Tooling Department is as follows: Maintenance 3 
expenditure of only twenty cents for maintenance out of every dollar 
of "going costs" of tooling poinis clearly to the urgent need for 
the constant and further industrialization of the airplane business 
and the ability to recognize and satisfy this need, 
Recommendations: 

Because neither time nor skill can be made available on and 


after M-Day, the tooling recommendations for war time production 
acceleration in the ideal or shortest time are as follows: 


| 
| 
4 
1 


1. Peace time preparation for war production should include 
complete tool design of accepted airplanes. (ne set of this %о01- 
ing per model should be built and production proven by producing 
the peace time requirements for airplanes from it. As changes to 
the airplane or the methods are made the tooling should be brought 
up to date. 


2. As airplanes are released by AAF for engineering develop- 
ment the contractor should be advised of the war time production 
rate per month so that the airplane may be designed for the required 
volume, and the type and quantity of tooling can be determined, The 
war time production rate should also be known to and for the asso- 
ciated prime contractors, if any, so that the overall tooling program 
can be determined, 


3. At the time the airplane design is approved the master 
control gages should be made and their accuracy verified. As 
changes are made in the airplane the master control gages should be 
brought up to date. 


іі Тһе Production Department should have a voice in the design 
of the airplane. Many times a slight change in the layout of the 
airplane will save many manhours in the Production Departments. Pro- 
duction know-how can greatly improve the interchangeability and 
servicing of the airplane, 


5. Production planning should be complete. The mamfacturing 
breakdown for high production should be planned and one set of tool- 
ing provided for this breakdown, Supporting departments such as 
Material Control, Production Control, etc., should have complete 
high production planning paper proven by actual use, 


6, Production efficiency is much higher ín a plant making 
only one model airplane for one using service, Segregation of 
material requires more space and manpower for multimodel mamifaetur- 
ing. Further difficulties are eneountered in scheduling manpower 
and machine time and determining which model has highest priority 
on existing production capacity. War time production for any one 
model will use the total plant @apacity, and further expansion of 
the plant will overtax the loeal labor supply. 


7. Amall peace time contract should be given to associated 
prime contractors so that they may study theproduct, make complete 
production plans and arrange for duplication of tooling required, 
The associated prime contractors should study the production and 
tooling in the design prime contractor's plant. 


8. There should be two sets of master control gages, one set 
dispersed to another location to protect the production program of 
both design prime and associated prime contractor in advent of 
accident or enemy invasion, 


CONSOLIDATED VULTEE AIRCRAFT CORP. 
SAN DIEGO DIVISION 


MONTHLY TOOLING, ENGINEERING AND TOOL PLANNING AND DESIGN MAN HOURS 
ALL B24 MODELS 
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Jan. 
Feb. 
Mar. 
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May 
June 
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132,448 
144,480 
158,095 
177,904 
153,759 
105,615 
115,602 
151,351 
190,616 


Tooling and Engineering Man- 


Tool 
Planning 
& Design 


Hours 


Build-up by Months - B-24 All Models 
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Factory 
Tooling 


252,330 
222,974 
235,288 
198,978 
197,462 
197,050 
203,519 
197,064 
180,768 
184,525 
177,385 
183,640 
197,060 
167,462 
211,842 
222,979 
244,369 
260,880 
264,013 
233,180 
226,620 
235,353 
217,746 
198,224 
148,236 
180,026 


183,455 


Engineer- 
ing 


105,555 
92,440 
94,936 
89,329 
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9. To start high production of airplanes in time of national 
emergency, machine tools to produce the production tooling would be 
the first shortage, mich would retard rapid production acceleration. 
Hence the supply of machine tools should be direct Government issue 
to insure best possible utilization, 


It is estimated that in following these recommendations to pre- 
pare for high production of an airplane the size of the B-2h, an 
expenditure of $5,000,000 for high production tooling would shorten 
by six months the time required to reach a sustained peak production. 
Establishment of these ideal conditions will, it is conservatively 
estimated, shorten to months the period of years which was required 
to get the B-2l up to peak during the last жаг, THe ideal time set 
is twelve to eightegn months, 


MACHINE TOOLS 


Summary: 


accommodate production plans for PBYS and PB2Y3 models as well as 
the B-2. No actual production delays were caused by the lack of 
machine tools, However, some extra manpower was required at times 
to fabricate parts by hand which could have been better done if 
machine tool delivery had been closer to schedule, 


The Plan: 


Consolidated planned the procurement of machine tools to meet 
the requirements of the major schedule changes with fill-in pur- 
chases to round out production or improve methods. From August 
1940 to April 1912 there were three major tool procurement prograns, 
two were for preduction expansion and one was to round out the 
facility. After April 1942 purchases were mainly for replacement 
or improved methods and the volume was small, 


Procurement: 
Ordering under the first plan took place between August and 


November 1940. About 200 items of machine tools were purchased to 
outfit the expansion of Plant #1. This was the first machinery 


ordered for the B-2lı program. Almost all of this equipment was 
delivered from dealer stocks or from factory floors within 30 to 60 
days, A major exception in the delivery experience was a large 
hydraulic press built up by "Birdsboro" and delivered by diversion 
‘to San Diego somewhat past due but still within 90 days from place- 
ment of the order, ` 


About the middle of the first ordering period in the fall of 
1940, the machine tools for Plant #2 were ordered. These tools 
were required for the two-plant production of the B-2h. This 
procurement started in October 1910 and item delivery was largely 
completed in the early fall of 1941. This program was the largest 
of the three major programs and included from ten to thirty each of 
most of the production equipment items ordered. Deliveries of tools 
ordered in this group stretched out considerably longer than on the 
first program particularly on orders placed in the middle of 1911, 
Plant #2 being under construction during this period, machine tool 
orders were placed far enough in advance that delivery was made 
when equipment was needed. Ву December 1941 the equipment and tools 
procurement program for the airplane schedules then in sight was 
complete, 


In March and April of 1912 tne filling in and rounding out 
orders were placed for about 300 items requiring delivery by 1 July 
19h2, Actual deliveries were made within requirements on much of 
the smaller equipment but there were delays of four to five months 
on the larger items, It was during this period that the machine 
tool picture was nost confused and urgency standings were being 
adjusted to the varying war production programs, Schedule rearrange- 
ments of machine tools by Aircraft Scheduling Unit worked to the 
advantage of the B-2l program on many of these items, 


After the March and April 1912 program, ordering of machine 
tools was not large and was restricted to improved methods or to 
make production capacity adjustments, 


The worst delays in machine tool ordering occurred after the 
Spring of 1943, when central Wright Field control of WPB priorities 
was dropped and the determination of machine tool needs was decen- 
tralized to be coordinated between AAF Procurement District Offices 
aná local #PB boards, Local ААР Plant Representative and P 
ment District Officers questioned the need for additional equipment 
without a proper appreciation of the required increase in labor pro 
efficiency possible, Under this system of priority approval, some 
cases required as high as a month to process the priority papers 
and place the purchase order, 


в | 
CONSOLIDATED VULTEE AIRCRAFT CORP 


MACHINERY AND EQUIPMENT 
SAM DIEGO DIVISION 
PERCENTAGE COMPARISON 


“fs 5 Iz T nn N 
CONSTRUCTION 
COMPLETED 
25 1007, CONSTRUCTION AUTHORIZED TO DATE IN t 
IS 
22$ —— see > E оғ CONSTRUCTION COMPLETED ame 
— | 
/ 
2 қ 
20 8079, z — |: 
E | 
q |. 
7 y 
2 
ye 
115 7075 Z -MACHINERY É EQUIPMENT DOLLAR VALUE AUTHORIZED | 
24 —.—.—.—.—  — a — .— 7 
Р / — — : 
m ~ — اک‎ 1 
4 . 5 
N سے‎ E 
= — — — % OF MACHINERY È EQUIPMENT COMPLETED TO DATE -90% A : 
У 15р $01, q ——v Y QM, - 
Е | en | s 
E] — — 
2 سل‎ 180% 2 
LL u 
a == ° 
€ 12.5 ce 
2 == 470% = н 
2 — — —  * — س‎ 2. d 2 қ 
g — x cm £ 
= A 
u کے‎ —— — 607 = 
о 10.6 "*0 Ts — — 1 2 
— а 
^ === u 
2 = =50 4j | 
i — | ~ 
2 7. — 3075 == mE 
2 ===“ 440% 2 
2 = 
а 5 
= 
5% 20% 330% E 
ù 
о 
—20% Q 
24 107; 
10% 
— — = — — — — — = = - 
11941 — L 1942 622 1943 — "d 


RAW MATERIALS AND PURCHASED PARTS 


Summary 


The Bill of Material was never up to date and as a result it 
was found that the practical way to purchase materials was on the 
basis of shop usage. This system of purchasing worked very well 
and the application of the incentive pay plan to the buyer, material 
control and stock room kesper was effective in controling inventory. - 
The follow-up men located in principle cities in the Zast aided %- 
grestly іп expediting from vendors behind schedule and in obtaining 
materisls on short notice for urgent engineering changes, 


The Plan: 


At the start of the war emergency Consolidated's plan was to 
expand the existing purchasing department as required. It required 
& change in policy shortly, for war time purchasing necessitated 
locating a vendor with the material on hand or one able to produce 
quickly rather than the one with the best price, 


The initiel orders for material were placed on Bill of Material 
requirements and there was some interchange of material between 
contracts. Lead time, in general, for raw material was six months 
and purchased parts was two to five months, depending upon the nature 
of the item. Purchases were for the entire contractural requirement. 


Consolidated was a fabrication and assembly plant and all forgings, 
castings, extrusions, sheet aluminum and steel were to be bought fram 
outside vendors. In addition, standard parts such as nuts, bolts, 
fittings, valves, etc., and special ítems landing gear, pumps, electric 
pu Aare , requiring high skills or equipment were purchased from 
S 8%5. 


Operations Under the Plan: 


At the start of the war production period the Consolidated plan 
worked very satisfactorily, Quantities on order were not large and 
suppliers could make deliveries from stock. However, as the program 
progressed increasing numbers of shortages developed and the expedit- 
ing department became overloaded, 


Changes to the Plan: 


Early in the war program the Material Department was organised 
functionally in three sectíons, Purchasing, Material Control and Stores, 
Production Control issued the production schedule to the Material 


Control Section which thon placed orders with the Purchasing ~ 
Section, The Purchasing Section bought the material, When the 
material was received the Stores Section took control and issued 
the material to the shop on Production Control's schedule, The 
buyer in the Purchasing Section was responsible for the material 
until it was received at the contractor's plant. After it was dis- 
covered that the Bill of Material was not reliable, the shop usage 
system of purchasing was started, 


Aa difficulties increased it became apparent that no one was 
responsible for anything when operating the functional organization. 
As a result of careful study an entirely new concept of a material 
procurement organization was worked out having vertical rather than 
horizontal divisions. In effect there were not one but eight 
material departments under the chief. Zach one of the eight divi- 
sion heads was completely responsible for every item in his parti- 
cular classification and nothing else. He alone was responsible 
for every phase from the initiation of the purchase request to the 
actual issue of the material to the line. This clean cut responsi- 
bility made it possible to apply tne new incentive earnings plan 
to material department personnel, which still further improved 
operations ~ eliminating line stoppages and cutting inventory in 
half, while production doubled and material became ever more cri- 
tieal. See Business Research Studies, No. 31, Vol. xxxi, No. 2.5 
July 19hh, entitled "Materials Management" by Howard T. Lewis and 
Chas, A. Livesey of Harvard Business School for a more detailed 
presentation of Consolidated's solution of this most important 
problem. 


Every attempt was made to operate with minimum inventories. 
A detailed tabulated list was made each month of every item in 
stock, which indicated past months consumption, actual inventory and 
standard inventory. The inventery standard was established on the 
basis of scheduled production requirements for a fifteen, thirty, 
forty-five, or sixty day period depending upon the nature of the 
item, This tabulation was reviewed with the Purchasing, Stores 
and Material Control personnel concerned for reasons and corrective 
action necessary on unbalanced items, The maintenance of inventories 
at a standard level was a plus item in the calculation of incentive 
earnings. The cost of shortages was a negative item in the incen- 
tive earnings calculations to avoid production hold-ups by over- 
zealous inventory reduction. As a result of production experience 
and the new control plan, lead time was reduced 50% without line 
stoppage. 


The shortage of material, inventory restrictions and information 
necessary to support allocation requests nscessitated a larger ex- 
pansion of the Material Department than was expected. ‘The Expediting 


t was abolished and the work was taken over by the buyers. 
Local offices were established throughout the Fast to make personal 
contacts for the buyers with vendors behind schedule. Material 
representatives also contacted Aircraft Scheduling Unit in Dayton 
and War Production Board in Washington and maintained offices in 
these cities. 


Difficulties Encountered: 


Barly in the war period, material shortages were the greatest 
difficulty, however, under the C.M.P. (Controled Materials Plan) 
in 1943 the B-2h priority position eased the material situation. 


Throughout the whole war period the obsolescence of material 
and parts by engineering changes was the greatest single bottle- 
neck. Many engineering changes required the procurement of mater- 
ial or parts on very short notice and superhuman effort by the 
eastern expediting offices as well as K. 8. U. 


Many shortages of material or parts, although not delaying 
airplane delivery, were relieved out of station on the assembly 
line at great manhour cost. Substitutes for forgings were om 
out of bar stock, valves and fittings were made in Consolida 
machine shop, and the shortage of aluminum rivets became so — 
that the contractor had to procure machine tools and make rivets 
in the shop. 


Recommendations: 


1. An Army sponsored standardization program for common 
items such as electric motors, hydraulic pumps, valves, fittings, 
extrusions, etc. The hydraulic fitting condition is an example 
of the difficulty which non-standardization can cause and the 
impractibility of attempting to standardise after mass production 
has started. Provision should be made so that standard item manu- 
facturers give licenses to manufacture and drawings to other poten- 
tial producers when requirements exceed their produetion capacity. 


2. An an aid in starting production in a nati emergency = 
the Government should maintain a stock pile of aircraft materials. 
This stock pile should provide for at least 150 planes of each 
model for which Међау peak acceleration is planned, It is believed . 
that the experience gained in World War II will enable a plant to 
accelerate production in time of national emergency much more 
rapidly than raw materials can be made available. 


3. In time of national emergency the procurement of aircraft 
Should be done by one agency of the Government thus eliminating 
the dual material inspection now required by Army and Navy. At 


the present time & contractor having Army, Navy and commercial 
work has three segregations of material, If the bulk of the 
work in hand happened to be commercial when an emergency arose 
the stock pile of material on hand under present inspection re- 
gulations could not be used for military airplanes, 


h. The time table for selection of spares must be moved up 
if the Army anticipates having replacement parts concurrent with 
aírplaue deliveries. The detail parts program on items not manu- 
factured in the contractor's plant requires simplification and 
elimination of competition between the services and the contractor 
for the sgne item. 


GOVERNMENT FURNISHED ESUIPMEN T 
| Summary: 


The B-2l airplane produced at Consolidated, San Diego, com- 
prised some |00 items of Covernment Furnished Equipment. 
were occasional shortages where special expediting action was re- 
quired, but in no case during the entire five year period was it 


felt that such shortages retarded production to any appreciable 
extent, 


The Plan: 


Consolidated planned in the early stages of the program to 
maintain a separate inventory with separate stock rooms with a 
supervisor reporting directly to the Chief of Waterial, However, 
as production was increased serious problems of procurement, issuance, 
accountability, etc., appeared and at this time the GFE unit was 
separated from Material Control and was in effect ita own boss, 
working directly with the AAF and reporting as occasion demanded, 
only to the Division Manager, 


Experience in Operation: 


. This plan for handling ОРІ required a large foros in addition 
to that employed in handling GFE items. Because of the different 
methods of issue and control, confusion grew and Shop personnel 
efficiency dropped, For instance, connector plugs of the same type 
and stock number were issued as CPE and also as CFE which resulted 
in the worker never knowing exactly what part was to be used, and 
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if breakage occurred, ít was practically impossible to determine 
whether to charge the GFE or CFE account. This example was typi- 
cal throughout the program and difficulty to control. So meh so ^ 
in fact, that the contractor in 19lh was required to reimburse 

the Government $500,000 for materiel unaccounted for, An effort 

was made by Consolidated throughout the program to "sell" the ААР 
the idea of paralleling their own issuance and accountability. 
system, however, the personnel responsible for these decisions 
apparently were not aware of the production problems regarding 

GFE and never allowed a change in procedure, 


Recommendations: 


The experience with the GFE system as it existed in the past 
war has caused Material Department personnel to strongly recommend 
that, in a future emergency, GFE as such be abolished except in 
the case of highly specialized items such as radar. If this cannot 
be done, & change in accountability must be made to allow the con- 
tractor to parallel his own system of procurement issuance and 
control, i.e. deliver the ОРЕ material to the contractor's plant 
and collect for same at that time, thereby eliminating the account- 
ing system which was so elaborate and caused so much confusion, 


MANPOWER 


im. 


Consolidated, like other airframe plants on the West Coast, 
found it difficult throughout their production acceleration period 
to recruit and retain sufficient skilled employees to adequately 
man the program. Because of the rapid expansion, shortages of 
these various skills did exist from time to time, nevertheless 
an actual shortage of manpower in overall numbers was not a threat 
to production during this past acceleration period, However, the 
company in 19l2 had to turn to greater subcontracting and the est ab- 
lishment of feeder shops, as recruitment at this time became dif- 
ficult and many of those already employed were leaving because of 
the lack of sufficient housing and the visible negative attitude 
of the community. In addition, pre-employment courses, apprentice 
training through adequate supervision within the factory, and trade 
extension courses in nearby public schools, supervisor incentive 
plan (outline attached) were inaugurated to increase the efficiency 
of the employee in order to meet the ever increasing schedule with 
a steady decrease in personnel, 
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The Plan: 


Because of the AAP's inability, due to lack of appropriations, 
to let large production contracts in 1940, and because of the con- 
timal changing of schedules subsequent to this time, planning on 
all phases was necessarily a process of evolution. 


Based on their previovs experience, the company estimated that 
25,000 employees would be required by November 1941. This was an 
increase of approximately 12,000 in a 12 month span over the number 
then employed by the company on Navy and British contracts. 


Actual hiring was to be based on shop requisitions. In view 
of the apparently adequate labor market, hiring specifications 
were relatively high although no trade tests were ever used, and 
no training program was contemplated. 


A vigorous up-grading program within the company was te supply 
the additional supervisors and foremen needed for the expansion 
period, and two shifts of 50 hours per week were felt necessary on 
all projects. | 


As noted elsewhere in this report, the company, due to the lack 
of industry in the San Diego area prior to the emergency, was de- 
pendent to a large extent on in-migrant workers and Aircraft Trade 
schools, etc., throughout the country to supply the necessary per- 
sonnel, 


The Labor Supply: 


San Diego, California lies directly on the Pacific coast, 130 
miles south of Los Angeles and 17 miles north of the Mexican Border, 
and together with adjacent communities consisting mostly of farmers 
and tropical fruit growers, couprises San Diego County with a total 
popula tion іп 1940 of 289,348. This population, exclusive of 
150,000 military personnel, gradually rose to 415,875 in 194, the 
year of peak production at Consolidated. қ 


Inasmuch аз San Diego had not been an industrial center prior 
to 1935, the year Consolidated moved its facilities to this city, 
the company from the beginning was largely dependent upon in-migrant 
workers to men the production program. The major industries of the 
area at this time were fishing, boat building, and trade associated 
with tourists. Considerable income was also derived from the large 
Naval establishments in the area, As the result of these conditions, 
the skill level was low and metal working was practically non-existent, 
The general education and intelligence on the other hand is rated 
as well above the average of other cities of comparable sise in the 
United States. 


As the emergency program expanded, many new Army, Navy, Marine 
Corps training stations and staging areas were installed in and 
around this community, ‘his personnel with its dependents added 
greatly to the ever increasing problem of housing the defense worker 
and definitely hindered the recruiting of new workers from outside 
the area. 


Recruitment and Labor Build-up: 


The labor forees at San Diego were built up to a peak of 45,532 
employees in November of 1912, Hiring was actually started for B-2) 
production exelusively in November 1910 when the company had арргохі- 
mately 13,000 people оп its payroll, who were working primarily on 
flying boats for the U, 5. Navy. This increase of 32,000 people 
in a 2 months span, coupled with a substantial rate of turnover, 
caused the hiring rate at Consolidated to reach as high as 1600 in 
one week, The average during the years 1942 and 1953, however, was 
approximately 500 per week, dropping sharply in December 1913, 

The rate and total employment dropped steadily until peak production 
was reached in May 19bh. The company had at this time 31,113 employees 
on all production contracts, 


Contrary to possible expectations, peak employment was registered 
sixteen months before peak production of 270 airplanes per month. 


plant operations built up to a peak at which 60% of the total man- 
hours were expended off site, 


As noted above, the recruiting of necessary personnel for the 
expanding B-2l production program started in November 1910 for peak 
production of aeg per month with a total of 25,000 people 
by November 19hl.It seems pertinent at this point to record the 
frequently made observation that a plant employing more than ten to 
twelve thousand people is too large for efficient operation and the 
necessary standards of morale, and particularly in the case of the 
many unstable and unsatisfactory conditions imposed by a war emergency. 


The labor supply at this time was considered adequate, but be- 
cause of the lack of major industries in the area in the past years, 
a large percentage of the personnel was to be recruited outside the 
community, The county map following shows clearly the character of 
the back country areas and the almost complete lack of any labor mar- 
ket adjacent to the city itself. Concentration locally was on skilled 
and semi-skilled men principally employed in automotive services and 
allied fields, 
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This source proved very valuable to the company, but by early 
1911 very few were left and the contractor turned to Aircraft Trade 
schools throughout the country in an effort to supplement this dimi 
nishing source of supply. This source likewise proved very valuable 
and furnished many good men who later were used іп a supervisory oo | 
capacity not only in San Diego, but in the company's other plants : 
that later produced B- “s. 


Ву late 1911, the contractor had been called upon to increase 
his production from 35 to 100 airplanes per month, and in order 
to meet this schedule, the employment estimates were set at a total 
of 35,000 by Hovenber 19h2, 


Realizing that the Aircraft Trade schools could no longer sup- 
ply the demand, the company with cooperation of Government and local 
schools established a vigorous program to train the in-migrants 
and the ever increasing number of local women that were being am- 
ployed. To aid this program the company sent some of its top 
supervisors to these schools as instructors, 


By the time this program was underway, the United States had 


growing requirement with the personnel losses as increasing 
numbers of young men volunteered for or were inducted into the armed 
services caused the company to abandon all estimates of new hires 
‘and adopt the practice of hiring as rapidly as possible any and all 
people who would come to the San Yiego plant. 


As indicated by the attached charts, all estimates that were 
made by the company as the result of this policy were met or ex- 
ceeded until the latter part of 1912 when the hires could no longer 
replace the "quits", At this point the company turned to outside 
feeder plants and increasing the amount of subcontracting in order 
to get the job done, 


Training: 


In the beginning of the B-24 production program in November 
1939 Consolidated recruited the majority of its personnel from air- 
eraft trade schools and their skilled and semi-skilled help from 
automotive services, etc. 


As the production program accelerated, these sources were un- 
able to supply sufficient people, and Consolidated started parti- 
cipating in Oovernment sponsored programs which had been established 

with the cooperation of the local school system. The company sent 
some of its best supervisors to these schools as instructors. Other 


companies in the area did likewise, and through this cooperation 
100,000 people were trained for aircraft work. The main handicap 
to this program was that the worker or those desiring work were 
required to train on their own time. To overcome this handicap, 
the company in the summer of 1912 started sending newly hired en- 
ployees to these schools where they secured training on company 
time. This method proved satisfactory, and was continued through- 
out the program. 


The school finally moved on site as a more intensive progran 
was started to develop skills, with definite training of four weeks 
duration in fabrication, sassembly, inspection, and general courses. 


Reeruiting of engineering personnel was aided by western 
colleges such as Stanford, California, Modesto and Denver. Students 
in these schools were given training largely by Consolidated per- 
somel in aircraft problems and company methods before they reported 
to San Diego for work. The program required eight weeks for 200 
engineers, and six weeks for 800 draftsmen, and those were paid a 
nominal salary during the training period. 


On the day of induction the new employees were given a lecture 
for one-half hour and then personally conducted to their jobs and 
introduced to their new supervisors. On the second day following 

. the same new group had another lecture of an hour and a half. The 
final two hour lecture and discussion was given the following day. 
Stretching the induction program over the period of actual indoo- 
trination proved very much more effective than the original practice _ 
of giving the employee a half day of concentrated advise and assis- ` 
tance before in most cases he aven knew what the inside of the 
plant looked like, 


Extensive upegrading programs were carried on from the beginning 
of the training program. Large scale voluntary training was sponsored 
by the company and was well received by one out of seven employees, 
only 20% of whom were female. 


The special supervisory training section conducted courses in 
dob Instruction Training, Job Relations Training, Job Methods Train- 
ing, Foreman Conferences, Supervisory Development, the B-2l airplane, 
and a Safety Course which proved very popular. The course on the 
B-2 airplane always had a waiting 14 list of 300. The classes were 
standardized at hO persons and the course ran 18 weeks at four 
hours per week, 


On the whole, it is felt that the training program was entire- 
ly adequate. As many as 5400 employees were in training at one 
time. A total of 107,000 were trained by the Education Section. 
Training requests oame from top management, individual departments, 
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and other programs were originated by the Training Section as the 
occasion demanded. The fact that requests for training were con- 
tinually received, and repeated requests from the same departments 
for the same type of course indicates that the training program was 
successful, 


Work Week and Shift Distribution: 


| As previously noted, the work week in November 1910 consisted 

of 50 hours on two shifts. In October 19l1, however, a two shift 
45 hour week became possible because of the large influx of workers. 
In November 1941 the schedules began to rise sharply and the company 
chaliged to a two shift 53 hour week, This schedule was not entire- 
ly satisfactory to meet the demands and utilize the floor area, and 
аз а consequence, in March 1912 a three shift 48 hour week таз estab- 
lished, This corresponded to hours worked by other industries in 
ihe area and was believed to be the most suitable work pattern. It 
is doubtful if an increase in hours per week would have been advan- 
tageous in view of the fact that over ЦОХ of the total labor forse 
and 50% of direct labor was female. 


The shift distribution remained fairly constant throughout 
the acceleration period, Approximately 60% were on first shift, 
38% on second shift, and 2%, on third shift, 


Wage Rates: 


Comparison of wage rates paid by Consolidated with those paid 
by other plants in the same area and same industry was very favor- 
able, and therefore low rates were not considered by the company 
to be a serious handicap. A small amount of the total turnover, 
however, was believed attributable to slightly higher rates paid 
by shipbuilding and construction industries, There was no 


of any consequence, 
Worker Morale: 


In general, the morale of the workers was high in the face of 
the many adverse conditions existing in a city which has more 
doubled its working population in a comparatively short time, 
company offered complete services to assist employees in securing 
and transportation, and maintained a special board within 
the plant to aid in various problems associated with be ot rom 
An extensive recreational program was undertaken, seven cafeterias 
were built to provide hot nourishing food for the workers, counsel- 
` ing service was instituted to aid female employees in solving 
problems, and child care centers were sponsored by the company to 
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to assist working mothers, In other words, the company attacked 
every problem that arose in connection with maintaining high 
morale among its employees. However, the many adverse factors had 
the inevitable cumulative effect and morale broke after the pro- 
duction peak was reached. The rate of both hires and quits went 
off with increasing rapidity, and the fall in direct workers in- 
terfered with production, ALL possible measures to combat this 
situation were strenuously prosecuted without accomplishing any 
very satisfactory results, 


Labor Relations: 


The company never encountered any serious labor difficulties 
and through its effective Industrial Relations Department maintain- 
ed a consistent and progressive labor relations policy. A union 
contract was signed in June of 1911 and through active cooperation 
with heads of this organization the company was able to maintain 
an enviable record of no shut-downs or minor work stoppages during 
the entire emergency. 


Utilization of the Working Force: 


The increase in productivity at Consolidated, San Diego, by 
careful plaming and training was consistently being improved. 
The proof of this can be seen in the attached chart showing that 
in January 1942, the direct manhours per pound was 5.31 and steadily 
decreased until June 19hl when the direct manhours per pound was 
48, which represents а 1000% improvement in a short 30 month span. 


The company used its full share of marginal workers. In 
cooperation with the city and countyyschools, hundreds of minors 
were used both on a part-time and full-time basis. Through the 
physical placement program the company was able to utilize the 


quantity as was available, 


Labor Turnover and Absenteeiam: 


The absentee rate of this company was consistently lower than 
the average rates of the airplane industry. For the period March 
19h3 through December 1914, the rate for this company was 5.5 
— > њи rate for other aircraft companies in Southern California 
was 0.5. 1 


Turnover rates on the other hand were slightly higher than the 
average industry rate, For the period from January 1913 through 
December the company's turnover rate was 7.8 as compared with 7.4 
for the industry. This condition was due in part to the community 
spirit and a definite shortage of housing. Military separations 
also took their tol. As many as 1800 personnel were separated 
in one month for this reason alone, while more than 18,000 men 
passed through the plants of the San Diego Division inte the armed 
services. At a most conservative estimate a month's production loss 
is involved in the change of a direct worker, and the intangible 
losses are beyond computation. Later in the program a pretermina- 
tion interview was established in an attempt to salvage employees 
who were quitting, thus many employees werg retained by discussion 
and solution of their personal problems, 


Community Factors: 


No evidence is available to suggest that the community of San 
Diego as & whole took positive action to make Consolidated 
ment and its wartime personnel part of the community. This feeling 
made the reeruitmént and retention of its personnel most difficult 
throughout the program. 


Barly in 1912 housing became a serious threat to production as 
new people could not be reeruited and many of those already 
were leaving because adequate housing for their families did not 
exist, Because of the existence of many large Army and Navy estab - 
lishments in the area and the campaign of these services to secure 
housing for their personnel, private housing and early federal housing 
programs did not relieve the situation as far as Consolidated was 
concerned, To alleviate this condition, Consolidated, through its 
Washington representatives, was able to secure approximately 7500 
additional federally sponsored homes and 900 trailers for exclusive 
use of the aireraft companies in the area, The construction of the 
homes over a period of two years helped materially, but never re- 
lieved the conjestion, as personnel continued to terminate as late 4 
as June 194) because of this condition, B 


Transportation: 


Due to the central locatión of the company plants, the existence 
of adequate parking facilities, the full cooperation of the local 


CONSOLIDATED VULTEE AIRCRAFT CORPORATION 
SAN DIEGO DIVISION 


Direct Man Hours Per Unit Time Cycle 


Direct Man Hours 


Cum Comp. Unit Cum Time Last 

(1000) Plane On % % Entire Airframe Direct Plane Cycle 15 16 46 76 
> Actual Cum Noe Site 0O,P, .F. Plane Weight  MH/LB No, in Days Days to 45 to 75 +о 105 
¡June 41 | 58 | 169 | 
July 80 249 
Aug. | 77 326 | 
sept. | 144 470 | 
|Oct. 172 | 642 
Nov. 633 1,275 
| Dec. | 1,684 2,959 | | | 
Jen. 42 | 2,762 | 5,721 | 7 | 90,000 | 16.0 84.0 |107,143 | 20,171 | 5,51 
| Feb, | 2,902 | 8,623 | 63 80,000 | 16.0 84.0 | 95,258 | 20,171 | 4.72 
| Маг. | 5,047 |11,670 134 | 60,000 | 16.0 | 84.0 | 71,429 | 20,171 | 3.54 134 39 27.0% | 73.0% 
Apr. 2,524 |14,194 | 213 | 50,000 | 16.0 | 84.0 | 59,524 | 20,171 | 2.95 
May | 2,668 |16,862 | 300 | 45,000 | 16.0 | 84.0 | 53,571 | 20,171 | 2.66 
| June 2,754 19,616 $94 .| 40,000 | 16.0 | 84.0 | 47,619 | 20,171 | 2.36 | 394 | 55 | 44.2% | 49.3% | 6.5% 
| July | 2,853 |22,469 | 494 | 35,000| 16.0 | 84.0 | 41,667 | 20,171 | 2.07 
| Aug. 2,676 |25,145 602 | 30,000 | 16.0 | 84.0 | 35,714 | 20,171 | 1.77 
| Sept. 2,660 27,808 718 | 28,000 | 16.0 | 84.0 | 33,333 | 20,171 | 1.65 718 48 49.97 | 48.6% 1.5% 
Oct. 2,669 |30,474 | 847 | 24,000 | 16.0 | 84.0 | 28,571 | 20,171 | 1.42 
Nov. 2,580 [33,064 974 | 22,000 | 16.0 | 84.0 | 26,190 | 20,171 | 1.30 
| Dec. 2,633 |55,687 1,114 21,000 | 25.2 | 76.8 | 27,544 | 20,171 | 1.36 1,114 48 49.9% 48.6% | 1.5% 
|Jan. 45 | 2,617 |58,504 | 1,234 19,000 | 23.4 76.6 | 24,804 | 23,149 | 1.07 
Feb. 2,862 40,666 | 1,582 | 18,000 | 29.7 70.3 | 25,604 | 23,149 | 1.11 | 
| маг. 2,488 |45,154 | 1,534 | 16,500 | 31.8 | 68.2 | 24,194 | 23,226 | 1.04 | 1,534 | 48 | 49.9% | 48.6% 1.5% 
Apr. | 2,849 [45,503 | 1,696 | 16,000 | 28.1 | 71.9 | 22,253 | 23,226 | .96 | | 
| May 2,366 47,889 | 1,873 | 15,000 | 29.6 | 70.4 | 21,506 | 25,226 | _ „92 | | | 
| June 2,433 50, 802 2,063 13,900 31.7 | 68.3 | 20,551 | 23,584 .86 | 2,063 48 49.9% | 48.6% 1.5% 
| July 2,446 |52,748 | 2,265 | 13,500 | 55.0 | 67.0 | 20,149 | 25,584 | .85 
Auge | 2,800 155,048 | 2,479 12,000 | 26.5 | 73.5 | 16,326 | 23,584 |  .69 | | | 
Sept. 2,342 57,390 | 2,709 | 11,800 | 27.5 | 72.5 | 16,276 | 23,278 | 70 | 2,709 48 | 49.9% | 48.6% 1.5% 
loct. 2,531 |59,921 | 2,954 | 11,600 | 27.0 | 73.0 | 15,890 | 23,278 .68 
| Nove 2,511 |62,232 | 5,204 | 10,740 | 31.7 | 68.5 | 15,725 | 23,278 | _ „68 | | 
| Dec. 2,296 |64,528 | 3,459 10,350 | 33.0 67.0 | 15,448 | 23,124 | .67 | 3,459 | 44 | 49.9% | 50.1% 
Jan. 44 | 2,138 166,666 | 3,712 9,400 | 35.0 | 65.0 | 14,462 | 23,124 | .63 
Feb. 2,008 68,674 | 5,966 8,270 | 38.0 | 62.0 | 15,559 | 23,124 | .58 
| Mar. 2,205 70,879 | 4,236 | 8,040 | 37.0 | 63.0 | 12,762 | 22,949 | .56 | 4,236 44 49.9% | 50.1% 
| Apr. 1,856 |72,735 | 4,487 7,989 | 35.5 64.5 | 12,386 | 22,949 | .54 
| May 1,879 |74,614 | 4,757 7,600 | 35.0 65.0 | 11,692 | 22,949 .51 


June 1,803 |76,417 | 5,017 7,000 | 36.0 | 64.0 | 10,958 | 25,010 | .48 | 5,017 44 49.9% | 50.1% 


98 


ә LÀ 


CONSOLIDATED YULTEE AIRCRAFT CORP TOTAL VS. FEMALE EMPLOYEES 
SAN DIEGO DIVISION ALL MODELS 

A B 
50 50% 
A 

2 

PERCENT FEMALE TO TOTAL / 

SCALE в == „459, 


45 
GR0SS TOTAL EMPLOYEES 
SCALE ^ 


ONE THOUSAND EMPLOYEES 


l4 FEMALE WORKERS 
y) 107% 


SCALE A 


p 


т 194-4 


1941 1942 1943 


CONSOLIDATED VULTEE ice 


TOTA 
SAN DIEGO DIVISION y 


0 
4 à 


$ 
| 


=> 


S^ DIE = 
D — 5ے‎ ` г = 
L. - ~ ы 5 E 
| > 
A 


101 


NO, 32,156 Lc ARITHMIC X 3 2-INCH CYCLES. 


o Е о 
Consolidated Vultee Aircraft Corp. 
2 508 San Diego Division 

Van 8 2 г x 2 

“= B-24D Direct Labor Progress Curve 

Hours 
Ire: 
і + ~ < © 19:9 ——————- 


— as err Average (Heavy bombers). 
| i an il * 


4 


1 


LOO, 25 s: 

| 

| 

= | 
10.00€ ‹ 
10,C 


5 3 5 ; 

, " E nn = ` nr TA mmn p 
1 iC о 1,0 10,0 ; 
Cumulative rplanes қ 

1 


CONSOLIDATED VULTEE AIRCRAFT CORP. 
SAN DIEGO DIVISION 


TURNOVER 


ALL MODELS 


5547 3853 


— Han 


“ 


ONE HUNDRED EMPLOYEES 


71944 1942 3 1943 1944 | | 


103 


Employment & Turnover 


ross Employment ‚ Net Employment „ Turnover x | e 
Total Female Total Direct Indirect Accessions | Separations Net Access 1 

Net 1 % of | | | | 0. P. 

| No, | Access | No, | Total | No. | No. | Total | No. | Actual | Rate | Actual | Rate | Actual | Rate 

June 41 17,298 | Z 799 1.5 16,872 | 12,225 72.5 4,652 1374 7.9 465 2.7 Z 909| „ 5.2 3 
July 19,953 | / 2655 1.7 20,016 | 14,391 71.9 5,625 3112 15.6 464 2.3 #2648, / 13.3 = 
Aug. 23,705 | Z 3752 1.9 23,265 | 16,980 73.0 6,285 4458 18.8 809 3.4 1 3649| / 15.4 - 
Sept. 27,088 | / 3383 2.5 26,661 | 22,029 82.6 4,632 4434 16.4 967 3.6 / 3467 У 12.8 - 
ct. 28,669 | / 1581 3.3 28,553 | 23,670 82.9 4,883 2530 8.8 103: 3.6 Я 1497 , 5.2 Б 
30,584 | / 1915 3.7 29,297 | 20,847 71.2 8,450 2958 9.7 1043 3.4 / 1915) Z 6.5 - 
34,222 | 3638 5.1 33,786 | 24,369 72.1 9,417 5547 16.2 1795 5.2 Я 3752| f 11.0 - 
n. 42 | 38,240 | 4018 5.9 36,255 | 26,382 72.8 9,873 5853 15.3 1843 4.8 7 4010 / 10.5 16.0 
Feb. 40,141 | / 1901 8.0 40,063 | 27,040 67.5 13,023 3853 9.6 1825 4.5 / 2028! / 5.1 16.0 
Mar. 40,004 |- 137 9.7 39,996 | 26,781 67.0 15,215 2599 6.5 2498 6.2 Z 101 Z 0.5 16.0 
Apr. 40,706 | / 702 13.2 40,611 | 26,332 64,8 14,279 3653 9.0 2700 6.6 / 955 у 2.4 16.0 
May 42,598 | / 1892 15.9 42,517 | 27,447 64,6 15,070 | 4076 9.6 2288 5.4 / 1788 4.2 16.0 
June 44,963 / 2365 20.7 44,641 | 29,076 65.1 15,565 4590 10.2 2215 4.9 f 237 Z 5.3 16.0 
July 45,238 | / 275 23.0 | 45,244 | 28,676 63.4 16,568 2976 6.6 2748 6.1 Z 228| / 0.5 16.0 
Aug. 44,465 - 773 25.1 44,737 27,557 61.6 17,180 2955 6.6 $477 7.8 522 = 1.2 116.0 
Sept. 44,066 |- 399 26.9 44,037 | 24,898 56.5 19,139 3039 6.9 3833 8.7 - 794| = 1.8 16.0 
dot. 44,859 |/ 293 32.3 44,563 | 24,316 54.6 20,247 4311 9.7 4147 9.3 Z 164| / 0.4 16.0 
Nov. 45,531 | 1172 35.1 45,193 | 23,946 53.0 21,247 4459 9.8 3706 8.1 7 7153| / 1.7116.0 
Dec. 44,423 | - 1108 38.7 | 44,424 | 23,92 53,9 20,495 3378 7.6 3017 6.8 J 361| у 0.8|23.2 
Jan. 43 | 44,706 | / 283 34.2 44,345 | 25,349 57.2 18,996 3761 8.4 3478 7.8 / 283| у 9.6 [25.4 
Feb. 45,198 | / 492 41.8 44,729 | 25,382 56.7 19,347 | 3573 7.9 3084 6.8 489 / 1.1 29.7 
Var. 44,672 | - 526 41.6 44,725 | 25,238 56.4 19,487 | 3108 7.0 3634 8.1 = 526| - 1.1/51.8 
Apr. 44,113 |- 559 41.7 3,656 | 24,500 | 56.1 19,156 2740 6.2 3299 745 = 559| 1.3 28.1 
Мау 45,475 |- 640 42.0 | 43,211 | 24,071 55.7 19,140 | 2375 5.5 $015 6.9 - 640| - 1,4 29.6 
June 41,950 | - 1523 42.3 42,066 | 23,071 54.8 | 18,995 | 2724 6.5 3160 7.5 - 436| 1.0 31.7 
July 40,359 | - 1591 40.8 40,130 | 21,695 54.1 18,435 2438 6.0 4029 10.0 - 1591 - 4.0/33.0 
Aug. 39,350 | - 1009 41.2 38,467 | 20,550 | 53.4 17,917 2257 5.7 2877 7.3 - 620| - 1.6 26.5 
Sept. 38,690 |- 660 42.3 37,776 | 19,943 52.8 17,833 2487 6.4 2733 7.1 — 246| = 0.7 27.5 
Oct. 38,827 | У 137 43.5 37,640 | 19,717 2.4 17,923 2341 6.0 2270 5.8 A 71| у 0.2 27. 0 
Nov. 39,036 | У 209 40.9 37,335 | 19,501 52.2 17,834 2218 5.7 1966 5.0 252 0. 71.7 
Dec. 88,771 | - 265 39.3 36,603 | 18,297 50.0 18,306 1617 4.2 1831 4.7 - 214 - 0.5 33.0 
Jan. 44 | 38,445 | - 326 40.5 7,249 | 18,872 50.7 18,377 2319 6.0 2437 6.3 - 118 - 0.5 [35.0 
Feb. 37,462 | - 983 39.7 36,720 | 18,411 50.1 18,309 1055 2.8 2020 5.4 - 965| - 2.6 38.0 
Ver. $4,401 | - 3061 40.4 | 35,192 | 17,245 49.0 | 17,947 588 17 2292 6.7 - 1704| - 5,0 57.0 
Apr. 33,141 | - 1260 39.3 32,367 | 15,453 47.7 16,914 787 2.4 1955 5.9 - 1168| - 3.5 135.5 
May 31,113 | - 2028 46.9 32,106 | 14,414 | 44,9 17,692 1155 3.7 3132 10.1 - 1977| - 6.4 35.0 
June 31,069 |- 44 48.1 51,732 | 13,157 41.5 18,575 2203 и 2234 1? - 381) - 0.1 56.0 
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. bus system together with ihe staggering of hours by the business 
concerns and other war plants, transportation was never considered 
a serious factor in the production picture at San Diego. 


Recommendations: 
In retrospect, the following points mst be seriously consider- 


ed if difficulties encountered in the emergency just past are to be 
avoided in the future, bi 


1. Тһе services must indicate their future and peak require- 
ments if manpower is to be scheduled accurately, 


?. Realistic thinking suggests that any company facing such 
an expansion program as this should have its employees frozen on 
~ | the job and barred from military service. Replacement schedules 
3 regarding Selective Service must be realistic and based on the 
4 company's ability to replace those people taken. Allocation of 
manpower as a whole should be undertaken to reduce the rate of 
turnover, 


as 3. Adequate housing must be planned and allocated to the 
22 war industries, | 


u. The Army Reserve system should be broadened to include 
an industrial staff capable of assisting the manufacturers in the 
evsnt of a future emergency, 


3. Peace-time planning and production must be worked out 
to provide steady satisfactory employment for the supervisory 
personnel on whom alone can the required war-time production 
acceleration curve be based, It should be observed that manpower 
can not be stored in moth balls, 


PRODUCTION CONTROL 


Summary? 
From the 30th of November 1910 until September 1913 the delivery 
schedule of the 5-2) airplane was revised upward nine times, These 
Schedule changes required new production planning. In the spring 
” ef 19l1 the Production Planning and Tooling Department was organized 
^ and Production Methods Engineers were brought into the plant for 
the first time. This Department did the production р through- 
out the war period and the гесог@ of deliveries to the Army indicates 
the magnitude of the job, 


107 
The Plan: 


The Production Planning and Tooling Department was divided into 
Production Control, Production Planning, Tooling and Plant Engineer- 
ing Groups. A new airplane delivery schedule was broken down into 
production requirements by weeks and days, and operations, routings, 
work loads, etc. were planned. ‘The flow of work through the factory 
was by the lot system, each lot representing a month's production. 


Experience in Operati ont 


By the spring of 1912 the year-old Production Planning and 
Tooling Department began to function smoothly. The magnitude of 
the planning done by this Department is indicated by the f 
description of schedule changes. During 1941 and early 19h2 pro- 
duetion planning was based on an output of 90 airplanes per month. 
On 3 March 1942 a new schedule was authorized calling for & peak 
of 136 airplanes per month by April 1913, The next revision occurred 
in August 1942 calling for 156 airplanes per month by December 19h2. 
The schedule was again revised 1 September 1912 for a peak of 200 
per month by October 1913. On 1 January 1913 the schedule was fur- 
ther revised to call for a peak of 210 per month by October 193 
and later revisions in June and September 1913 increased the s che- 
даје to a peak іп May 194) of 269 airplanes per month, 


The schedule issued 20 May 19hl with a peak of 100 airplanes 
per month, this peak being later reduced to 90, should be considered 
the first schedule which can be definitely associated with war pro- 
duction, Production plans for this schedule were a 
of the decisions to incorporate moving production lines together 
with the breakdown of major components. This plan also involved 
the use of Plant #2 to reach the goal of 90 airplanes per month. 

It should be noted that 90 sirplanes per month was tely 
1/3 of the production later achieved so that planning, tooling and 
production control was found to be inadequate for this later pro- 
duction. 


The original plan of 90 airplanes per month was based on only 
а minor amount of subcontracting. The high production rate later 
attained was possible after the decision to subcontract all major 
components other than the fuselage and center wing, 


The control of raw material and purchased parts into the plant 
and stockrooms was the function of the Material Department, All 
materials were purchased to schedules prepared by the Production 
Control Section, As materials were issued from 8tores on requisi- 
tion, all control passed to the Production Control Sections 


Both detailed planning and detailed methods for the accomplish- 
ment of peak schedules were subject to constant revision during 
the entire duration of the war, Changes in methods and 
could result from Cost Improvement Proposals submitted either by supere 
vision or menbers of the working foree, through Industrial Engineer- 
ing recommendations and layouts, or through planning changes made 
by personnel of the Planning Section. In addition requests from 
the Army for changes made necessary by combat requirements or the 
creation of improved aecessories at the plants of other manufacturers 
resulted in sn ever increasing stream of changes іп detail, assembly, 
and installation planning. 


Changes in the Plan: 


Scheduling of Army requested changes was accomplished through 
the MCR system and while these were in great volume, the still 
greater number of miscellaneous changes resulting from engineering 
corrections, as well as the methods and planning changes, made 
necessary the creation of a similar system for recording and sche 
duling all miscellaneous changes, After difficulty in making change 
schedules in the production line due somewhat to a lack of coordina- 


Daring 1943 as the production rate was accelerating the lot 
system of manufacturing release created somewhat of & problem. 
banks of material or subassemblies in one lot became too great to 
handle in the storage facilities available and on some items split 
lots had to be used, Some trouble was caused by the shortage of 
material also necessitating split lots for the material on hand, 
To control the lot quantities, the second Shift storekeepers (Pro- 
duction Control personnel) inventoried all parts and subassemblies 
actually on the line and below minimum Stock levels and these in- 
ventories were posted on IBM equipment, These shortage lists were 
snalyzed by Production Control to determine reasons and to take cor- 
rective action. "here unexplained inventory losses hadocourred the 
necessary additional orders with advanced schedules were prepared and 
released to Fabrication or Material Department as required, 
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SUBCONTRACTING 


Introductions 


Even before Pearl Harbor, and stimulated by the European war, 
the Contractor began to realize the necessity for expansion to cover 
. increasing aircraft demands. And when it became evident in early 19h2 
that the production acceleration demanded of the company far exceeded 
its ability to obtain the necessary additional manpower, equipment, and 
Space at the home plant, the decision to expand the subcontracting 
program was made. ; 


Original Plan: 


Subcontracting prior to 1912 averaged approximately 10% of the 
total airframe manhours, with some exceptional peaks reaching 15% to 
20%. However, when the decision was made to expand the program, it 
was planned to quadruple the amount of subcontracting to approxima 
hO% of the total manhours. 


Subcontractor Sekection: 


While geographical location had a bearing on the selection of 
subcontractors, decision to place the business usually centered on 
manufactoring ability, scope of facility, and labor market availability. 


Generally speaking the early sources were well established as 
reliable aireraft subcontractors and included such companies as Brewster | 
Aeronautical, Long Island, N.Y.; Bell Aircraft, Buffalo, N.Y.; Northrop 
Aircraft, Hawthorne, Calif. 


With the inereased aircraft demands of 1912 it became necessary 
to develop new sources which in general meant the conversion of com 
mercial manufacturers to aircraft facilities, processes, methods and 


techniques. These new sources were given more study than previously 
and their respective managements, facilities and operating conditions 
closely analysed to determine to what degree they could be adapted to 
handle aireraft work. 


Operation of the Plan: 


The following items were subcontracted at peak production to the 
companies indicated: 


Subcontractor Location item 
American Central Mg. Corp. Connersville, Ind. Exhaust Collector 
" 5 * " Tail Stack 


Atlas Chromium Plating Los Angeles, Calif. Plating Flap Tracks 


Baash-Ross Tool Со. А Flap Tracks 
Berger Mfg. Div. Canton, Ohio Wing Flap Asseubly 
„Кр A. w е Bomb Bay Door 


" " " ---— | 
Bobrick Mfg. Corp. Тоз Angeles, Calif. Check Valve Assembly 
Tro cer PE 

" a B i Š 
bee fe Corp.of Calif. Los Angeles, Calif, Main Entrance Doo) 
" " Leading Ydges 


Continental Can Co. ы : s 
я " n 
Cons.Yultee Aire. Corp. Nashville, Tenn. 560%. Front Spar 
Drayer & Hanson los Angeles, Calif. © 
Engel Aire. Specialties Escondido, Galas. Wing Splice Plates 
я à 
Essick Mfg. Co. Los Angeles, Calif. Main Beam ^ Hoist 
Aire. Co. Los Angeles, Calif, Cells 

Eng. Corp. ' Supports 

Gemer Mg. Co. Detroit, Mich, Alleron Gear Unit 
Ы Ы Torque Assembly 


fc 
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However, after the job was placed in the subcontractor's plant the 
learning curve of that item in the new location was maintained, 
observed, and manpower and cost predictions made. 


Maintenance of these efficiency or learning curves was made 
possible through the receipt of manhour reports from the subcontractors, 
These reports were submitted periodically; weekly, semi-monthly, or 
monthly, depending upon the company's methods of timekeeping, although 
the majority of reports were received weekly, the most desirable re- 
porting basis. In those few cases where the subcontractor refused 
to submit regular reports, personnel from Consolidated would periodical- 
ly visit the subcontractor's plant and by means of observation, closely 
estimate the desired data, : 


The usual manhour report showed three things: (1) The total 
number of manhours expended оп the quantity of assemblies produced 
. during the defined time period; (2) the average number of manhours 
per ship set allocated to the construction of each completed assembly 
during this period; and (3) the number of assemblies completed dur- 
ing this period. 


From this basic data was charted the learning curve of each 
assembly in each subcontractor's plant. These charts in turn made 
it possible to anticipate future performance of the subcontractor, 
(1) in determining future production costs in terms of manhours; 
(2) in deriving projected labor loads indicating the number of workers 
required to meet the production schedule; and (3) in predicting and, 
consequently, preventing bottlenecks in delivery of assemblies to а 
the prime contractor due to over-optomistic commitments.  3ee fol- С) 
lowing descriptive enclosure, = сй 


Organi zation: 


Previous to April 1942 all subcontracting had been handled by 
the Purchasing Department. On that date, however, a separate sub- 
contract organization was established apart from "Purchasing" to 
specialize in the procurement of larger units of the airplane. mile 
some items, such as the exhaust collector, engine mounts, and similar 
units generally procured outside, were also in the Subcontract Depart- 
ment, basically those larger units designed by the prime contractor 
and which normally would have been built within its own plant, were 
known as subcontract units. These units were wing panels, leading 
edges, control surfaces, doors, and sections, 


` The Subcontract Department as first established consisted of 
approximately 15 people but was expanded during the years of 1912 
and 1943 to a maximum of 197 in January and March of 19hh. 


Basically this organization consisted of three sections: cy The 
procurement and negotiation zen (2) the coordinating section (engineer 
ing and liaison), and (3) the control section (statistical). 
Approximately of the department's personnel were employed on the pro; 
curement problems and negotiations, follow-up, and expediting. About 
10% of the personnel were required in engineering and toüling coordina» 
tion, and the remaining 10% used on statistical and control work. 


Although each subcontracting head was responsible, execution of 
contracts was obtained from an officer of the Corporation. All final 
negotiations and contracts were coordinated very closely with Consoli- 
dated's Legal and Treasury Departments, 


Personnel employed in the Subcontracting Dept. were generally of 
& high calibre, being attracted there by the appeal and diversification 
of the work. As previously indicated this Department stressed the 
application of business, engineering, tooling, legal, and manufacturing 
aspects. Experience in such an organization supplemented the monetary 
salaries paid and was recognised by the employees to be very valuable. 


Effectiveness of Subeontracting Program: 


generally, experience with the subcontractors was highly satis- 
` factory, particularly where sufficient liaison was and could be maintained 

by the companies.  Jubcontraciors! managements aggressively instituted 

programs for improvement and continually extended themselves to be 

more efficient and of more service to the prime contractor. In numerous 

instances the background of the subsontractor was utilized to improve 

the usual aircraft methods which improvement was passed on to the prime. 

This the exchange of ideas between the subs and the prime at all times 

proved to be mutually beneficial. 


The original reluctance on the part of a subcontractor new to 
aircraft in establishing fixed prices was shortly overcome when it was 
recognized that Consolidated's application of the aircraft industry's 

pot method of charting manhour data and cost data was sound and that learn- 
Lo ing curve data not only gave a guide to the subcontractor with respect 
te manhour cost and rate of manufacture, but that it was also invaluable 
to him with respect to his financial requirements and in his financial 
negotiations with the prime contractor. In many instances the application 
of such manhour and learning curve data was entirely unknown to the sub- 
contractor, Here again the confidence built up and the improved relation- 
ship resulting from these statistical studies proved to be mtually 
~ advantageous to both sab and prime contractor. 


Consolidated's experience indicated that, while it was desirable 
that the subcontractor be located y close to the prime 
contractor, this was not essential provided that highways or rail facilities 


í 


were available for the movement of raw materials and finished parts. 
In the early stages of subcontracting substantial pools or banks of 
parts were maintained as insurance against shortages or work stop- 
pages due to transportation difficulties. However, as subcontractors 
improved their control and handling procedures and as i 
sources were established in other areas, these problems became mini- 
mized, which enabled considerable reduction in the size of various 
banks of parts. Temporary tie up of manufacturing was experienced 
in only & very few instances, none of which were critical enough to 
actually retard production, 


Conelusions and Recommendations: 


` 
The history of subcontracting at Consolidated during World War 
II quite conclusively proved that the facility of the prime contractor 
alone would not have been adequate to have accomplished the require- 
ments of the war, Looking backward at the overall subcontracting 
program, the following is an appraisal of the plan and the effective- 
ness of its operation, 


Тһе control of a subeontrastor was accomplished by showing а 
cooperative spirit, a free exchange of ideas and practices, and pro- 
per coordination of all problems, Managerial control of the subcon- 
tractor did rest, and of necessity mst always rest, with its own 
management unless the subcontractor is to be wholly subsidised, 


Subcontractors cooperated well with respect to rate of production, 
improvement in quality, and curtailment of operating inventories. 
Contrary to some other experiences, this contractor's subcontractors 
did not proselyte home plant labor, 


Clock-like precision in many cases was obtained on shipment of 
parts from the subcontractor and receipt and usage by the prime. 


In regard to transportation, rail facilities were used whenever 
possible and where time permitted. Trucking facilities, however, 
allowed better control, less difficulties in handling, and more flexi- 
bility in its operation, In some instances it was necessary to resort 
to alternative methods of transportation due to breakdowns, weather, 
and other localized situations, Rail express and air express were 
used to a heavier degree because of the time element. Cost of trans- 
portation was always secondary to the importance of delivery and 
production requirements, Interruption of the final assembly line 
was not tolerated. Expediting the movement of parts was fully as 
important as expediting the manufacture of the part, 


Inspection procedures of the subcontractors were improved by 
liaison inspectors of the prime contractor, although every effort 


Department. Charges for necessary regork were billed back to e. 
subcontractor af ter coordination as to determination of responsibi- 
lity and prevention of recurrence of the rejeotion through eliminat- 


Subcontractor's objeotions to the incorporation of engineering 
changes many times caused considerable difficulty. However, with 


cooperative. It is only natural that such changes which upset a 
production program or even caused a Stoppage of work would be re- 
ceived with reluctance, 


The plan to subcontract as a specialized function was well 
timed, and the usual problems attendant to a growth of such magni- 
tude had their many complications, Too few industries had experience 
with the type of manufacture required, the type of materials involved, 
such as aluminum alloys and plastics, and the techniques and dimen- 
sional tolerances whith were more or less foreign to their usual 
work, The design of the parts and the available engineering was in 
most cases less complete than that to which they were accustomed, 
The processing of the material and the weight saving factors so 
necessary in aircraft design were new problems, 


FEEDER SHOPS 


When manpower became critical at San Diego, Consolidated 
endeavored to help relieve the condition by setting up feeder shops 
in areas remote from the main plants, thus utilizing labor which 
could not be induced to come to San Diego. 


upholstery. All building leases and alterations of feeder shops 


Attention is called to the exhibit entitled "Feeder Shop Data" 
in which is gíven a list of the Shops, their locations, the type of 
work done, floor space and other pertinent information, At peak 
operation the feeder shops accounted for approximately 10% of the 
total manhours expended on the plane. It is interesting to note 
that the first feeder shop was put into operation just one year after 
Pearl Harbor, 


Locations: 


The loeations of the feeder Shops are shown on the accomp 
map. By pioneering the feeder shop idea, Consolidated was able to 
obtain the most desirable and least expensive locations available, 
The various Ghambers of Commerce, municipal officials, and the 
Southern California Edison Company were extremely helpful and coopera- 
tive in the search for mamfacturing sites, 


Alterations: 


Practically all of the alteration work was done by local con- 
tractors on a cost-plus-fixed-fee basis, Many shops were completely 
altered in a matter of a few days in spite of manpower shortages 
and difficulty in obtaining materials, 


Alteration costs were capitalised to be written off during the 
term of the leases, Some heating equipment and all the air com- 
pressors were owned by the Defense Plant Corporation, 


Alteration materials were obtained under a blanket priority list, 
approved by the W.P.B., and requésted in advance for a "series of 
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Subeontraotor. 
General Fireproofing Co. 
Oilfillaa Bros., Inc. 
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Goodyear Tire & Rubber 
Grand Rapids Store Squip. 
" . £" н 
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Leonard Precision Prode. 
я " * 
Mahl Mfg. Со» 
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Monarch Tool&Inst. Co. 
Xotor Products Corp. 
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Na-Mac Products Corp. 
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Rheem Mfg. Co. 
Rocky Mt. Steel Products 
Bohr Aire. Corp. 
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Ryan hero. Co. 
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San Diego Mach. Co. 
" " ч " 
и a " в 
Schiefer & Sons 
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location Item 
los Angelos Calif. Track 
" " * Arm Drive Mech. 
Ы " " Yoke Козе Drive Mech. 
# * ; Drive Mech. 
" " " (2-01 Cells 
" " " . Side Cunners Door 
* " " Control Guards 
" " " life Haft Cradle 
Watertown, Nass. Rudder Tabs 
" Tabs 
farkeley, Calif. Rorb 
Moskegon, Wich, Wing Splice Fitting 
La Porte, Ind. 
San Diego, Calif. Tah Control 
" Control Column 
* аз " 4.1.0. Release 
" @ * Gear Box Assemblies 


* * я 
Los Angsles, Calif. I. L. S. 
Detroit, Mich, Tail 74 
Ы " Armani tion Tracks 


Los Angeles, Calif. Control 

9. Sprocket 

p ee " Machined Parts 
Torrance, Calif. Main Landing Gear 
Los 2% . Hydraulíe 
Los Angeles, Calif. Nose Pottom Panels 


" " я 
ds я ы Outer "ing Panel 
" " " fudder 
# ” w Handle 
8 Ы e Bellerank Control Assembly 
ө * * York 
e ы " Amplifier Cover 
ы " * Door Fanal 
" " # 
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Subcontractor location Item 
Schiefer & Sons San Diego, Calíf. Map Cases 
x е ” » " Cargo Carriers 

Shakespeare Prods.Co, Kalamazoo, Wich. 
Southern Aire. Corp. Garland, Texas Tail Turret 
Southern Cd if. Airparte Glendale, Calif. Hydraslic Tank Assembly 
Solar Airereft Co. San Diego, Calif. Exhaust Collector 

° мі ” " “ е Stack Assembly 
Spartan Aire. Co, Tulse, Okla. híleron Assembly 

в * " » n Elevator 

" " " m * Rudder 

eT. 9 Pilot Seat Floors 

8 n " " n" и Tail Bumper 
Superior Machine Co, Зал Diego, Calif. Machined Forgings 
Texlite, Ino, Dellas, Texas Trailing Bdge Overflep 
Tidmarsh Eng. Co. Tucson, Aris. Aileron Tabs 
Timm Aire. Corp. Van Nuys, Calif. Hyd. Res. Assembly 
Vendo Ge. Kansas City, Yo. Sall Turret Guide 
Vultee Pld. v., vac Downey, C lif, Wing Tips 

" Oh з LÀ п * Fina 
Weaver Aire. Corp. Sm Diego, Calif. #achining Work 
Welded Aire. París Co. Huntington Fart, Gal. Bomb Saptorte 

" u a " " н Spare Romb Chocks 


ы " " * ы н * Flsp Track Supports 
las tn. Industrial Eng.Co. Los Angeles, Calif. Pilots Inolosure 


During the early part of 19hh, sabcontracting reached its peak 
with respeet to quality volume, manhour efficiency and cost. At this 
time the subeontracted os of total manhours representing 37% of bel 
weight was reduced by subcontractor efficiency to 334 of total manhours 
at 30% of the dollar value of the airplane. 


During the month of May 1914, at peak production, 2,715,650 pounds 
of airframe weight (120 equivalent airplanes) were received from sube 
contractors, representing 1,921,662 manhours at a cost of $6.28 per 
manhour, ЊЕ voe uod" This was equivalent to 0.71 pounds per 
nanhour 


deviations effected were the result of experience and. aggressive bia- 
tivu and were a growth toward iuprovenent in coordination and meth 
to accomplish the utmost efficlensy, 


learning Curve Data: 


When а job was first given to any subcontractor, realistic sohe- | 
duling was accomplished not only considering the plant's facilities 
the 


but necessary manpower required for the job. This 
was based on standards ——— ——— Tha 
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CONSOLIDATED VULTRE AIRCRAFT CORPORATION 
San Diego Division * # San Diego, Calif. 


LEARNING CURVE SCALE 


The learning curve scale was conceived by the Subcontracting 
Department, San Diego Division of the Consolidated Vultee Aircraft 
Corporation. This scale is designed to draw learning curves on loga- 
rithmic graph paper. On ordinary arithmetic graph paper the learning 
curve ig like half а parabola with a formula Y = K XP, On logarithmic 
graph paper, which is measured in horizontal and vertical logarithmic 
scales, the learning curve becomes a straight line. 


The learning curve scale is designed for a general construction 
of learning curves with 5% variations from a 70% to a 95% learning curve. 
Тұ can be used for two general purposes. The first purpose of the scale 
is to construct a learning curve in anticipation of expected performance 
in the production of a specific assembly. Typical assemblies would be 
elevators, fins, outer wing panels, or smaller assemblies. Each assembly 
must be a completed unit as required for each airplane, and the perform 
ance must be measured in terms of direct labor man-hours por ship set onlyo 


In order to anticipate an expected performance, the nature of 
the assembiy must be analysed as to the percent of fabrication man-hours 
and the percent of assembly man-hours required to produce the complete 
assembly. This information may be obtained from a time study breakdown, 
or estimated. An extensive study of aircraft production has established 
the 80% learning curve to be the most typical curve for predicting ex~ 
pected production performance. Therefore an 80% learning curve is an- 
ticipated in all cases except those where the percent of fabrication man- 
hours of the total man-hours required to build the unit is very low or 
very high. A very low percent of fabrication time would indicate an 
expected performance along a 75% or even a 70% learning curve. Conversely, 
a vory high percent of fabrication time would indicate an 85% or even a 
90% learning curve. 


| The learning curve scale is employed to construct both the 
cumulative average learning curve and the unit man-hour learning curve. 
(Refer to Chart A appended.) The cumulative average learning curve ex- 
presses the average man-hours per ship set for a cumulative total of ship 
sets thet begin with the first ship set, and it is drawn with a solid line. 
The unit man-hour learning curve expresses man-hours per ship set for each 
ship set, and it is drawn with a broken line, 


Company A estimated that 1% would build the 500th ship set of 
assombly #32 in 450 man-hours along an estimated 80% learning curve. 
Referring to the table of conversion factors inscribed on the learning 
curve scale, the conversion factor for an 80% curve is „678. Dividing 
450 man-hours for the 500th ship set by this factor gives an estimated 
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664 cumulative average man-hours per ship set (mh/ss) for tho first 500 
ship sets. Using the learning curve scale 80% learning curves are drawn 
through these two values with a red colored penoil to anticipate Company 
A's expected production performance. 


From a time study breakdown it is learned that Assembly #32 had 
a standard time. estimate of 338 man-hours at about the 1,000th ship set 
at the San Diego Division of Consolidated Vultee Aircraft Corporation. 
Dividing 338 man-hours for the 1,000th ship set by the conversion factor 
of .678 for an 80% curve gives a cumulative average of 499 man-hours per 
ship set (mh/ss) for the first 1,000 ship sets. Using the learning curve ` 
scale 80% learning curves are drawn through these two values with a blue 
colored pencil to represent the San Diego Division's performance in pro= 
ducing Assembly #32. A favorable comparison is observed between Company 
A's estimate and the CVAC Standard Time learning curves. 


The cumulative average learning curve and the unit man-hour 
learning curve are parallel lines, and they are both drawn with the same 
scale. For the first two ship sets, however, the unii man-hour curve із 
only an approximation and must be drawn upward to meet the cumulative 
average curve at the first ship set. For any given ship set multiply 
the cumulative average mh/ss times the conversion factor for the percent 
learning curve being used to arrive at a value of the time to build that 
particular ship sot; or divide the time for a given ship set by the con- 
version factor to arrive at the average mh/ss for that cumulative number 
of ship sets. 


The second use of the learning curve scale is to determine the 
actual production efficiency after the job has progressed a few months. 
À company whose actual production performance maintains an 80$ learning 
curve is reducing the man-hours per ship set by 20% when the total number 
of ship sets is doubled. Hence a 20% production efficiency is established 
for that company, or an 80% learning curve. By plotting the company's 
actual performance on the learning curve chart using horizontal lines 
for each lot size the actual production efficiency, or the actual learning 
curve the company is maintaining, can be measured by a reading from the 
learning curve scale. Merely place the scale over the chart, and by visual 
inspection determine which percent of learning curve most nearly lines up 
the middle ship set of each month's performance indicated by horizontal 
lines. On Chart A the actual performance is drawn with a green line for 
three months. Lining up the middle ship set of each month and reading 
through the learning curve scale indicates that Company A is actually 
maintaining a 75% learning curve over the first three months. During 
the first month, however, Company A may have had unusually high costs in 
starting production. Therefore, by considering the last two months to 
be more typical. performance, the learning curve scale is applied to those 
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two months to show that Company A is maintaining an 80$ learning curve as 
originally anticipated. (This sample chart was taken from an actual case 
in the files of the Subcontracting Department). In this particular caso 
it is observed that Company A's actual performance is more nearly герге- 
sented by the blue broken line of the CVAC Standard Time curve than by 
Company A's originally estimated learning curve, the red broken lino. 
Therefore, it would be conservative to say that Company A will maintain 
production performance along their estimated 80% learning curve that is 
drawn with a red broken line. Future performance may be anticipated along 
this curve for determining future production costs in terms of msn-hours. 
Projected Labor Loads based upon this chart and the production schedule 
will tend to show the number of workers required to meet the production 
schedule. several other important facts may be learned from a learning 
curve chart similar to chart Ao Further information may be obtained upon 
request. 3% , 


Man-hour reports must be submitted by Company А in order that 
the actual performance mey be plotted on Chart A. These reports must be 
submitted periodically — weekly, twice a month, or monthly, depending 
upon the company's methods of timekeeping. The weekly reports are most 
desirable, however, and are requested wherever possible. A man-hour 


report must show three things: (1) the total number of man hours ex- 


pended on the quantity of assemblies produced during a defined period 
of tine; (2) the average number of man-hours per ship set allocated to 
the construction of each completed assembly during this periods and | 
(3) the number of assemblies completed during this period. 


A company that builds an assembly in lot sizes of 100 ship 
sets, for example, may submit a man-hour report upon the completion of 
each lot. All of the direct labor man-hours expended on each lot may 
be charged to that lot, and an actual count of man-hours per ship set 
may be computed when the lot is completed. The size of the lot and the ` 
date of completion must also be reported. 


Most companies, however, report on a weekly basis. The number 
of completed ship sets is actually counted as they are completed and 
shipped. The total number of man-hours expended on each job is recorded 
by timeksepers and included on the man-hour report. The figure for mn- 
hours per ship set should be computed. This may be determined by periodic 
time studies in the shop, or it may be closely estimated according to the 
total man-hours expended, the ship sets completed, and the amount of man- 
hours in process. The number of man hours in process for the next period 
of units to be completed сап be computed by using a time study breakdown 
to determine the percentage of hours for fabrication of details. For 
example, this fabrication time could be 25% of the hours for a completed 
unit. Accordingly, deduct from the total hours spent 25% of the hours 
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and hold this figure to bo added to the following period. Do this for 
each lot of parts. Weekly man-hour reports aro summed up for monthly 
averages as in the case of Company А. (Refer to Table A appended.) 

By the end of November бопраду A hed completed 95 ship sotse The cumu- 
lative man-hours allocated to the job totaled 104,950 man-hours. The 
cumulative man-hours gg L expended on the job exceeded the allocated 
man-hours by nearly 40,000 man-houra at the end of November. These 
40,000 man-hours ara recorded on another form as a man-hour backlog re- 
presenting work yet in process. The allocated man-hours are computed 
by multiplying the number of sets completed times the men-hours per 
ship set. The man-hours por ship set may vary up or dom considerably 
from week to week, but by totaling the allocated man-hours and the ship 
sets for each month, an average man-hours per ship set for the month 
mey bo determined. In this way the estimated value of "man-hours per 
ship set" will bo averaged out, and the fluctuation will be reflected 
in the man-nour backlog. 


While a company is accelerating its production schedule the 
man-hour backlog will be increasing due to the greatly increasing number 
of man-hours going into processing while the number of completed ship 
sets is yet small. Such allowances must bo made in determining "man- 
hours per ship set". After four or five months of production, or when 
the schedule levels off to a constent rate, the man-hour backlog should 
remain fairly constant. Thus if 100 ship sets are fabricated each week 
end the same number of ship sets ere completed each week, the man-hours 
going into processing and coming out of processing are practically 
equal. Only then may it be estimated that the actual man-hours expended 
equals the allocated man-hours, so that the. actual man-hours expended 
divided by the number of ship sets completed will give “man-hours per 
ship set". 


Та any event the allocation of man-hours per ship set will 
be averaged out over а pericd of several reports, and a running account 
will be made as to the remaining man-hours of backlog that are yet in 
process. It is only by means of complete man-hour reports that a 
company's actual performance may be plotted on tho learning curve chart. 
Only when this actual performance has been plotted can the learning 
curve scale be used to measure a company's actual production efficiency 
and learning curve. Estimates can then be made of future production 
costs in torms of man hours. 
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feeder shops." It is believed that this was the first "blanket" 
priority assistance used for construction materials, 


Employment: 


No difficulty was encountered in any of the locations in obtain- 
ing employees. Male workers were scarce, but the women were above 
average and had a marked enthusiasm to help in the war effort. 


Most of the new hires were referred to Consolidated's Employment 
Department by the 0.5.8.5. bureau office in the area, and all new 
hires were cleared through this office for availability. Bach 
feeder shop was given priority for labor up to the shop's estimated 
maximum capacity. 


In addition to the above, Consolidated's Employment Department 
established its own Feeder Shop hiring headquarters at Santa Ana, 
this point being centrally located with respect to the majority of 
the feeder shops. 


Supervision: 


All of the general foremen and some of the foremen and assistant 
foremen were transferred to the feeder shops from San Diego. Four- 
teen assistant foremen, however, were developed from men híred 
locally, and in fact most of the assistant supervisors were developed 
from local sources. 


Зоор: 


A representative of the Tooling Department in San Diego, responsi- 
ble to this Department, spent full time at the feeder shops. ‘This re- 
presentative was responsible for making repairs and minor alterations 
to subassembly production tooling. Major changes and repairs were 


Production Control: 


Bach feeder shop had Production Control personnel under a Head 
Dispatcher who reported to the Superintendent of Feeder Shops. At 
five of the shops, the Head Dispatcher was hired locally as a stock 
clerk and promoted to assistant foreman in Production Control. The 
balance of assistant foremen in this category were transferred from 
the Production Department in San Diego. - 


Mat 1 
A material warehouse (13,000 sq. ft.) was established in centrally 


located Santa Ana to store all raw stock, plexiglas, tubing, fabric,wire, | 


commercial material and stores items, janitor supplies, ete. 


Inspection: 


The Head Inspector at most feeder shops was transferred from 
the San Diego Inspection Department and was responsible to that Depart- 
ment, All assistant inspeetion personnel were developed from local 
hires, | 


Tran tion: 


Materials, details and finished parts were transported between 
San Diego and the feeder shops by Sorkness Truck Lines under contract. 
A Sorkness truck delivered and picked up material at each shop once 
& day, For more details on trucking, tonnage and costs, refer to 
the accompanying Peeder Shop Tonnage Report. 


Time Stadies: 


Direct labor time studies were established at most of the shops, 
and the assistant supervisors participated in a cost conversion 
boms based on their shops monthly production. Arbitrary standards 
were established at shops where time studies had not been completed, 


Comparison of a few individual operations such as tube bending, 
indicated a high degree of efficiency on the part of feeder shop 
workers. 


First Aid: 

All feeder shops had a complete First Aid Station either at the 
shop or within a short distance, Registered nurses were in attendance 
full time except in a few cases where the small number of employees 
justified only one nurse working a split shift, 

Plant Protection: 

All feeder shops had plant guards for at least two shifts, 

One shop had an entire sprinkler system, and in the others a 
1%" fire hose installation was made to extend within 20 feet of any 
part of the shop. Fire extinguishers were installed in accordance 
with regulations. All first floor windows were screened, 


The above requirements satisfied recommendations made by the 
Army for plant protection, 


Coordination: 


126 
STATISTICS ON AN AVERAGE FEEDER SHOP A 
LOCATION 


Distanoe from San Diego 101 Miles 
Floor Area (Square Peet) Direct 11,901 Indirect 3,030 Total 14,531 
Building Alterations $ 7,371.12 +0949 00046 оо зв „ „% 8.51 per 89. ft. 
Installation 2,635.67 090292 660 600 ....... .18 “u ы ы 
Total Alterations and 
Additions 10,006.79 0200000060 09 0900000 0 .69 w " " 


Monthly Rental š 244.28 e %, 016 " ң " 


Total Employees Male 50 — Female 260 Total 210 
Percentage Female Employses $9499050050909050009909005990099 
Percentage Direct Employees „ „ „%% „ „„ „ „„ „ „ „ 79% 


te Total Direct Г фе ооо ео ое Фо ооо воо оф 72% 


Lost to Малћоага Scheduled ¿ena а МЫН 6.51 
TU:NOVER (Now. 0). 

Hires Per Month 

Per 100 Smployees BEERIBESRTEUUHERU ......... 1h 


Terminations Per Month 
Per 100 Employees 968990000009090650990020689009959999 9 
PRODUCTION 


Direct Manhours Per Pound $9260»5004960006002200000060908 RT 
Total Manhours Per Pound —2—29—2ů9Ü7ũ 9 , n „60 


Square Foot | 
, Direct, Area اه وا‎ $99»900990909050090920000090929999 | 6.36 
Foob Direct Area (Deo. '53) Феесегоеоеоовеееееосоггәсоееесеое 3.10 


Direct Worker 
(First Shift Only) агзоегеееоеоеееоегогәвеегеәсеогов 127 


TRAN, ATION 
Trueking Charge Per Month $2,154.50 PCR O CRETE EERE 4 4 4 6 ооа 8.01 per pound 
* Average taken from seven Feeder Shops operating nearest to capacity. 
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JNSPPOTION 


The inspection policies of the contractor were at all times 
commensurate with the u expected in aircraft production. 
The execution of these policies was hampered at times by lack of 
trained inspection personnel (both company and Army), and by failure 
of the services to coordinate their inspection directives. In әрізе 
en ме же par е» que qe de жә getter se FE 
inspection on the site and maintain the required standards without 
seriously retarding the flow of production materials to the line. 


sudes Әлгі of to Impoctión e 10 mintió Zur герин. 


The ratio of inspectors (who served the direct workers) to the 
direct workers varied with the different sections of the Shop 
tion Departments. However, the overall ratio ran from 1:9 to 1:15. 
It was found that during the r expansion program and the period 


Personnel: 

The hiring of ed personnel was one of the 
company's during the time of rapid expansion. А1- 
though most of these were obtained through the normal at= 
ployment channels, some of the better grade and specialists ‚were 
> ob tad by ‚ and Many were also 
selected from the Aircraft Trade schools by sending company management 
to these schools throughout the country. Later in the production pro- 
gram an extensive was undertaken by the Zducational 
Department and in addition to the normal schooling of hired pere 


print Numbering and Part 
Propellers, and Rivets and Rivet Control. 
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Recommendati ons: 


It is thought that the present system of AAF inspection, if 
revised would result in considerable improvement relative to ex- 
pediting production and yet would not sacrifice the desired 
quality control. Such revisions would include - 


l. That all sources of raw material and purchased parts have 
a basic quality control by the AAF for the materials (correct alloy 
composition and temper) and fabrication processes. This method would 
lift the burden from the aircraft manufacturer and assure him that 
all materials, parts and assemblies received from certain vendors (cer- 
tified by the AAF) would require him to de no checking except for 
"damage en route. 


2. That only a limited number, but well qualified, inspection 
personnel be permanently assigned to the manufacturer and that their 
function be entirely supervisory in nature, Army inspectors should 
check only the company system of inspection, and in a general way 
the finished airplane on the flight line, leaving with the company 
complete responsibility for all detailed quality control. 


3. Technical Directives and information received from combat 
units should be filtered through one section of the AAF so that all 
directives would be issued from one source and by qualified person- 
nel who understand and are aequainted with all phases of aircraft 
mem ae ture. 


The suggested revisions of the AAF inspection system outlined 
above, would require only a very limited number of men, but it would 
be very essential and necessary that this limited number of men be 
fully qualified in their work with a background of experience, These 
revisions would, in addition, expedite production and reduce unnec- 
essary production hold-ups and differences of opinion, 


SPARE PARTS 


Summary: 


Considering the total B-2h program and based on its dollar 
value, spare parts were. shipped in an amount equal to 16.hf, with 
1% being shipped on emergency ТИХ orders and 2.4% on stock replen- 
ishment calls. The organization to handle this load grew from 
nothing to a total at peak of 327 persons while passing through 
several stages of evolution to work out the most efficient system. 
Concurrency was not reached on any of the contracts by the date of 
peak production, indicating clearly that the АДР spares program was 
not crystallized early enough to prevent its becoming a definite 
load on production acceleration. 


The Plan: 


che Spares Department was at first not given very mich recog- 
nition as to its importance in the general picture." Space, person- 
nel and real planning were always scarce, The original plan called 
for a group, to do its own work, planning, scheduling, dispatehing, 
ordering and storekeeping in producing contract requirements of 
Spare parts, 


rience in ration: 


As the problems of control grew it became necessary to split 
this group and carry the load in the several sections of the pro- 
duction and material control sections assigned to handle all pro- 
duction requirements of similar items. The Spares Group as finally 
constituted concentrated on the final allocation of the spares item 
and their preparation for shipment. Space was finally granted in 
total of 55,000 sq. ft. in a separate building directly over the 
shipping department where the packaging and shipping operations were 
performed. Of this total space 80% was used on the B-2h program. 


The major problems were definition of requirements, supply, 
that is the available total quantity of critical items, priority 
relative to the production program, and packaging. Failure to solve 
these problems lead first to the "post-concurrency" record and second 
to the recommendations set forth below. The Spares Program started 
out on each contract with a serious handicap - the Army did not fix 
the list of items and quantities at the time of contracting nor 
for some time afterward, This made planning difficult and concurrency 
impossible, The necessary changes in the list, as time passed, fur- 
ther complicated control, but in spite of handicaps results were 
more than reasonably satisfactory as evidenced by the small volume 
of emergency shipments - one per cent according to the record. 
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As shown in the following table, spares concurrency crawled up- 
ward slovly during the acceleration period to the 80% level at peak. 
As the requirement for airplanes fell off, the spares program became 
relatively less of a load and it rapidly reached a practical 100% 
figure, 


Percentage Concurrency = Quarterly: 


i January 1943 сбеесоеогееевезеееоеәеееззееесее 21.50 
1 April 1913 596596962 оао „„ „„ 4 „ „„ „ „ „ 6 4 25. 

4 July 1943 "*60696$002260070090*5066029405290242 6 26.50 
l October 1953 % ——Kt˙ e „ 6.67 
i Jamary 19hh 0 1 10446 0 19.25 
l April 19h e*9*69909500092*5^5200259299095295920 80.20 


Recommendations: 


Spares requirements must be fixed by the Amy at the time airplane 
production requirements are fixed. It is not essential that the list 
of items or quantities be complete or correct, but a release for pro- 
duction of a major portion of the final list must be made not later 
than time of first general shop releases if concurrency, to say nothing 
of pre-soneurreney, is required. | 


The volume of spare parts manufacture should be carried on in an 
entirely separate and completely staffed and equipped plant. Certain 
items requiring expensive equipment should be excepted from the rigid 
application of this policy, and "purchased" from the main plant. In 
the case of multi-plant operations for airplanes in large volume 
demand, one plant should be given the contract for all of the spares, 


The specialized depot should be operated under contract by the 
parts manufacturer and adjacent to the plant. This simplifies the 
control problem as well as those of Stockage and packaging, and fixes 
the responsibility for supply, 


Careful consideration should be given to the contractor's earlier 
recommendation (see letter of 7 January 1943, copy in Appendix) that 
operating bases should draw direct on this depot making requisition 
and pickup by air transport. It appears that this proposal would 
definitely decrease the number and time of airplanes grounded for 
parts and very greatly decrease the total requirements for spare parts, 
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CÓ FY/hnc 
10-18-45 
Fi :hno:ff 
А. Mise $955 
7 January 1945 
Subjeot: B-24D Airplanes, 
"Cadaver" Pian for Supplying Spares 
To: Commanding General 
AAF Materiel Center 
Wright Field 
Dayton, Ohio 
Attention: General K. B. Wolfe 
| Chie?, Production Division 
Vias AAF Resident Representative 
San Diego Area 
Reference: (а) ААР Mat. Con. Letter DMshaws70~7 


dated 1 December 1942 


1% Concurrently with the receipt of the referenced letter, 
there was received by us as an appendix to the most recent production 
contract for B-24 airplanes & program entitled "Army Air Forces 
Spare (Maintenance) Parts Provisioning" setting forth & complete 
system for echelon packing of spares and the creation and maintenance 
of contract spare parts lists, It is felt that there is certain 
fundamental conflict between this program and the so-called "Cadaver" 
plan for supplying spares. This plan also provides for a flight 
kit of spare parts to accompany each airplane. 


Bo The Contractor recognizes the appropriateness of holding 
open all angles of approach to the spares. problem and of initiating, 
cancelling and reconsidering various programs in this regard. It 
is obvious that changing war theaters and varying applications of 
the В-24 type aircraft to combat conditions necessitate flexibility 
and even abandonment of former established policies as regards spares. 
Our observations, as gathered from our several service representatives 
abroad, suggest that not only are earlier peacetime procedures developed 
in this country for the production, delivery and distribution of 
spare parts inappropriate under current conditions but that even those 
procedures which have grown out of experience in England may offer 
little assistance in the handling of the American problem outside of 
the British Isles. 
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9. To state tho matter in another way, the problem of spare 


parts provisioning in the actual theaters of combat does not resolve 
itself purely into one of the most economic uses of available man 
hours. Men hours at point of combat and men hours in terms of shipping 
space may well carry an extremely high premium in comparison with man 
hours at the factory. Thus as suggested in the "Cadaver" plan, the 
abendorment of a conplete airplane at the theater of operations after 
it has served the limited purpose of supplying critical spares to an 
operating squadron, may be an efficient use of the man hours at the 
factory which it took to assemble the parts making up the a ir plans into 
a flying unite 


4. We would from our study of the problem, however, suggest 
a variation in the "Cadaver" plan. We are impressed from the reports 
of our own representatives abroad with the fact that & "Cadaver" air- 
plant would supply but a limited amount of the very critical items of 
spares required by an operating squadrons It would furnish four 
engines, one left and one right outer wing panel, one tail assembly, 
one complete landing gear, etc. This might well be an over-supply of 
certain items but would prove to be a serious under-supply of others, 
Consideration has been given to the additional spares which could be 
carried aboard such en airplane to the point of combat. However, even 
with these the "Cadaver" plan would not appear to be а completely 
adequate substitute for the tremendous spare parts program now in 
oper&tion. | 


5a On the other hand, this larger spare parte program has 
as mamy doubtful aspects as far as efficiency is concerned, The only 
spares to be counted from tre standpoint of the war effort are those 
which actually arrive at the point of ultimate uses All of those 
spare parts in storage in basos in the United States, in transit to 
foreign theaters, at central distribution points and enroute to actual 
point of combat have no direct utility in meeting the problem. They 
are equivalent to the water in the hose ina garden irrigation process. 
The larger the hose and the smaller the stream, the more water which 
never serves to feed the plants. 


6. The fundamental premise of all speres supply is to have 
the right part at the right place at the right time. To be able to 
supply this right part from any given point calls for a range of parts 
at that point. Out of such a range, certain parts will be called for 
more frequently than others. The total supply of parts at the given 


point must therefore be multiplied in certain items by a frequency factor 


which is а function of the number of days" time which must elapse to 
cover shipment fron point of origin or production of the spares. 
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7. Thus, if a base in India is 67 deys from dockside New York 


which is 10 deys from the factory, the minimum stock of spares to be 
tied up at the India base is one full range plus a 77 day factor of all 
perts in the range having average demand of more than once in 77 days. 
Since the demands of war are not closely calculable as to parts needs, 
this quantity of parts in storage in india must more probably take into 
account maximum possible demand of each item. This further increases 
necessary stocks. Add to this again the ability to rapidly shift squad- 
rons of long range aircraft, and an additional multiplication of all 
parts must be made to meet the contingency of a concentration to be cared 
for out of the particular base. 


Bo Take this one base and multiply it by the number needed to 
cover the world under an orthodox peacetime distribution of depots and 
sub=depots and it becomes immediately obvious that such a program cannot 
work. Add again the additional fact that even concurrent delivery of 
spares and sirplanes at the factory must create a lag of as much as 
three months in the two joining each other again abroad, and it becomes 
foolish to even attempt the operation of such a system. 


9. The obvious answer hardly needs to be stated. First, we 
must cut the number of days from source of parts to point of final use. 
This will shrink the frequency factor and decrease the quantity of parts 
in float in the system. Second, we must out the number of points of 
supply to decrease the quantity of full ranges of spares required. 


10. All of this points to -- specialized air transport -- to 
handle this problem alone. One form of such specialized air transport 
is the "Cadever" plan under which the spares would be moved direct from 
the factory to the operating squadron both in the form of cargo in an 
airplane and in the form of the parts which make up the eirplene itself. 
While this gets a full range of spares to the point of need in the abso- 
lute minimum of time under any conservative plan, it does not permit 
more than a limited frequency factor on particular items which can be 
carried aboard the airplane, 1% is felt chat the "Cadaver" airplane 
can furnish a greater use. by returning immediately to the source of 
spares, the factory, with a list of critical items with which to replen- 
ish the operating squadron's stock. Under such a plan, let us assume 
that 20 B-24 airplanes are to be assigned as a squadron to operations 
in North Africa. Nineteen of these airplanes depart the United States 
operationally complete for the required missions. As such but without 
bomb load, each is able to carry to its base approximately a thousand 
pounds of the most critical spares. These will probably consist of 
essential hendling equipment such as wing jacks, etaa, pius hydraulics, 
electrical, radio and engine accessories which experience has proven 
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are critical items. The twentieth airplane is converted to a cargo 
carrier and is capable of departing with its squadron with an additional 
7000 pounds of spares of the same type. In all, therefore, 26,000 pounds 
of spares arrive at the base of operations with the squadron, 


il. Immediately on arrival, the converted cargo carrier sterts 
back for en additional load of spares bringing with it such a list of 
urgent items as the original ferry trip has revealed necessary. In 
eight days this airplane should be back with an additional 7000 pounds 
of spares consisting of items of an immediately known need plus such 
additional items as are felt necessary to add to the original stocks. 
This process is repeated with each trip caring for aircraft on the 
ground and building up the squadron's quota of additional spares. Dur- 
ing all of this time the squadron has been able to carry on operations 
and has received а minimum of spares which it will not need. 


12. It is felt that it can be proven that the total quantity 
of spare parts saved by this air transport process as against the ortho- 
dox method of spares distribution could be made up into airplanes 
without reducing the quantity of operational bombers and still leave 
a far more extensive supply of spares actually available for use. 


13. For an example, let us start with 1000 B-24 type airplanes ~~ 
two months’ production. Spares for these will equal 250 equivalent 
airplanes at a 25% ratio. Under the surface transport and depot system 
these might be distributed approximately as follows: 


10 Depots and Sub-Depots in the United States 
Alaska 

Hawaii. 

Australia 

Chine 

India 

Egypt, Palestino and Middle East 

England 

West Ccast of Africa 

South America 


A 


TOTAL 


г 
со 


14, This calls for a movement of 10,000,000 pounds of cargo 
over distances as far as three-quarters of the way around the worlds 
It also means delays of as much as three months and possibly a 10% loss 
from shipping. | 
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15. Now take 100 of these equivalent airplanes in spare parts 
and have them made up at the factory into transport planes of the C-87 
type capable of flying the longest jump on any route and carrying 7000 
pounds of cargo. All of the previously mentioned base points will not 
average an 8 days! round trip from the production plant. Considering 
the quantity of spares to be taken out with the original squadron, a 
full range of spares for any point (figured conservatively at 40,000 
pounds) is, therefore, only 24 days away from not 18 depots and sub- 
depots but 100 or even 200 individual opsrating squadrons. Taking the 
original assumed quota of 1000 B-24 type airplanes, this system requires 
the keeping of less then 350,000 pounds of spares in float between the 
factory and the point of use, as against the 10,000,000 pounds of spares 
required under the old system or about 3.5% of the stock otherwise 
needed just to fill the system. 


16. There are, of course, many unknown factors in this picture 
but the majority of them add to the weight in favor of air transport 
with small stocks as against surface shipment and large stocks. For 
one thing, the small pipeline, fast flow, enables control of the flow 
with greater speed at the source. If landing gear demands exceed 
expectation and stabilizer needs fall far short of expectation, the 
character of production requirements can be shifted when only eight 
days of stocks are accumulated rather than 81 days of stocks. This 
Should save lots of wasted manufacturing effort. Again, small stocks 
near actual theaters of war present lese risk from enemy action than 
large stocks. Heving stocks as mobile as the fighting airplanes 
themselves enables rapid concentration to meet equivalent concentration 
of such fighting airplanes. 


17. The program ів so obvious that it may seem overesimple. 
However, there are many important factors in its execution. First 
and foremost, it must fail miserably if the attempt is made to tie 
it into a large transport system. Decentralization is vital. Trans- 
port ships for spare perts supply can be a reserve asset for emergency 
movement of other cargo on rare occasions; they can serve as ambulance 
planes on return trips, but they must be regularly and definitely 
assigned for their main job alone, to a particular squadron. No spare 
item can psychologically be elevated to a position of first priority 
until an airplane is on the ground waiting for it. That time is too 
late. Spares, therefore, cannot fight for their proper place in а huge 
central airlines. | ‘ 
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18. Anything Short of definite assignment of transport planes 
to individual squadrons will create a necessity for coordination and an 
inflexibility of operation which will destroy the main virtue of the 
idea, direot contact between an operating squadron and the central source 


of supply. 


19, The whole problem has certain similerities to urben store 
delivery. Large department stores can run deliveries once or twice 
weekly and ofttimes use centralized parcel delivery services. But the 
local drug store, which must cater to emergency needs, cannot stay in 
business without its own boy on a bicycle. 


20. Commercial air transport in the United States has been years 
in building. It cannot today fill the full needs for the movement of 
Spares to the several training points in the United States. It could, 
but not with greatest efficiency, if used exclusively for that purpose. 
To expect to build an equally efficient system over night to cover the 
world and handle all military cargo including aircraft spares under a 
single system is placing more emphasis on American willingness to take 
on a job than on the limite of organizational possibility. Decentraliza- 
tion and specialization is the answer. 


21. Paralleling such specialization in the air transport of spares, 
there must be a decentralization and specialization in the handling of 
spares at point of source in the United States. All shipments direct 
from the factory would be the most ideal arrangement if adequate space 
and facilities were available, and if such production plants had no other 
task but to supply spares for previously delivered aircraft. Such is not 
the case, however, and production of additional aircraft must continue. 


22. Next best solution is the establishment of а single complete 
warehouse for each type of aircraft to which the production plant can 
immediately dispatch all spares as soon as produced. This will be the 
source stock and must be as large and complete as possible. Two such 
points would merely divide the stock and destroy such a warehouse as a 
prime source. Since the entire principle being sought is the smallest, 
fastest pipeline from prime source to point of use, this principle must 
not be broken by any attempted division of this prime source which can 
only result in moving the prime source back to the factory where it 
cannot be adequately handled. 
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2$. This main warehouse should maintain a full material control 


record over all parts anywhere in the systeme It should be run on a 
specialized basis by type of aircraft and probably Should be run by the 
particular manufacturer involved. This procedure is not so much suggest- 
ed because of familiarity of the manufacturer with the perts and with 
all of the changes and modifications which have taken place in a series 
of airplanes and which may affect interchangeability, but because the 
close relationship between the manufacturer and the point of immediate 
demand for the speres will tend to maintain a better flow of needed 
spare parts. The manufacturer can and will rob a production line to 
meet the demands of a crew just in from foreign fields. There is not 
the same psychological urgency to a depot order. This is important and 
should not be minimized. The secondary benefit to the manufacturer of 
being able to watch directly the flow of replacement parts by kind and 
to learn from that the weaknesses of his particular plane, should not 
be overlooked. 


24. With such a system in effect for world coverage, it becomes 
apparent that no alternative procedures based upon реасе ле methods 
should be utilized domestically for the relatively few planes in this 
country being used for training. If the stream of spares to far-off 
India is to be thinned out and speeded up to cut down the quantity of 
spares in float, so much more should the stream of spares for Spokane 
or Milweukee be thinned out and speeded up for the same reason. if 
we cannot afford to stock the spares at every point over the world 
necessary to enable any combat crew to always draw from a plentiful 
supply at a nearby depot, a fortiori we cannot hope to establish such 
extravagance for training crews who ere at most but а few hours distant 
fran the central warehouse. 


250 The job is a big ona = one of the largest ever undertaken = 
but it will be so much smaller by comparison than the wartime extension 
of the peacetime system of harvest-full warehouses all over the world, 
that its chances of success should be approached with extreme optimism, 


Yours very truly, 
CONSOLIDATED AIRCRAFT CORPORATION 


Frank Watson 
Chief of 
Contract Administration 


B-21, COMMITTEE 


Coordination Р қ 
At the commencement of the 3-2) Program calling for the combined 
efforts of Ford, Douglas, and Consolidated, coordination was handled by 


direct discussion between company representatives concerned in a parti- 
cular problem. As the program advanced difficulties arose because of the 


fact that the Consolidated procedures and plans were different from those used 


at Ford. These difficulties could not be satisfactorily settled by dis- 
cussion between company representatives alone, since a solution could be 
reached only if one of the companies changed their methods to suit the 
other. Since some of the changes would have involved considerable time 
and expense each company was reluctant to effect such changes, particular- 
ly when it could not be clearly shown whether such a change would actually 
advanee the entire program, or merely delay one company as much as it 
helped the other, 


In order to overcome these conditions the Materiel Command at Wright 
Field decided to establish a В-2) Committee patterned after the Boeing 
2% аз "a Committee for the В-17. This committee was established on 

March 19h2. 


The Committee was composed of a member from each company involved 
who represented management, and were empowered to make commitments on 
behalf of the company as regards schedules for delivery, data, parts, 
materials, coordination of subcontracting, tooling, facilities and mater- 
Хада. The Committee in turn appointed various sub-committees to deal 
with specific items, and report back to the Committee if changes in 
existing procedures were thought desirable. The sub-committees were 
Spares Sub-Committee, Tooling Sub-Committee and Engineering Sub-Committee. 
Because the majority of the difficulties first encountered dealt principal- 
ly with engineering the Engineering Sub-Committee remained active during 
the majority of the program; the other committees meeting less often as 
problems arose. The sub-committees were composed of company employees 
working in departments directly concerned, These committees worked to 
вее that the directives of the Executive Committee were carried out in 
detail, 


The control value of the B-24 Committee depended to a considerable 
extent on the active cooperation and assistance of the Army in insisting 
that agreements reached by the Executive Committee be followed by both 
companies and Army. While Wright Field representatives on the Executive 
Committee always supported the decisions taken, difficulties sometimes 
arose because the various departments at Materiel Command undertook in- 
dependent actions which underminéd or disregarded the program laid out. 


These савез were due to failure to inform Army personnel concerned 
as to the procedure to be followed; not to any intentional desire to 
break down control, In general, a much improved coordination was 
achieved and friction between companies was greatly decreased, 


The cost in time of the B-2l Committee program was probably but 
little higher than would have been the case without a committee, 
Usually it was possible for subcommittee members to carry out the 
duties of company representatives as well. At the height of the pro- 
gram à number of men were required to cover various items as company 
représentatives. Іп the particular case of Ford the Contractor fur- 
nished a considerable number cf engineers tc work with Ford at Willow 
Run, This was caused by an Army request that Ford and North American 
be allowed to do independert design, however such items are not 
necessarily a part of the uzusl committee, 


Early in the program an attempt was made tó use common tools for 
fabrication of the power plant. By agreement between companies 
Vultee Field was to make tools for all contractors, This proved un- 
satisfactory because the number of changes [йд made was so great 
that the tools were never up to date. In addition this program, as 
well as the later Interchangeability Program, was hampered by the 
fact that each company already had tools in production and could not 
introduce now tools at random, The Interchangeability Program ine 
volved à considerable cost in special tooling. However this cost 
would not have been excessive had the Interchangeability Program 
been initiated earlier, Since it was started late in the program, 
it was never completed, 


in any future program it would be desirable to inaugurate the 
committee system at the beginning of the program, The greatest 
trouble with the B-2L program was that possible difficulties were not 
foreseen and covered ahead of time. This meant that action was taken 
only after trouble had occurred and the cost in time and money was 
considerably higher, 


Any future committees should also include specific sub-committees 
for tooling, inspection, purchasing Spares, contracts, etc, as re- 
quired, as well as engineering, The members of these committees 
would all work together, prefersbly in the same offices. The practice 
9f having only one committee is not satisfactory because this committee 
is primarily interested in only one phase of the program and has no 
direct control over the methods used in other departments. With 
committees composed of members from each department of a plant the 
necessary adaptions to the program can be made by direct consultation 
between sub-committees without resort to the Executive Committee, as 
is necessary when a single subecommittee tries to handle work not 
directly related to its om, 


жр 


143 
MANAGEMENT 


First the Company, then the Corporation, and the Division, but ` 
always the men who started the job with additions, changes and sub= 
traetions worked continually at the job of getting B-2h'!s to the 
flight line generally in accord with the everchanging schedules and 
the original 1938 forecast, And with the ever loyal help of their 
associate workers at all levels they won all their objectives of 
delivery date and quantity. Based on this experience they have 
voluntarily pointed out all of the many things which were wrong dure 
ing the last war, They have clearly and forcefully set forth how 
the job can be done quicker and by how much. They have shown how 
much cheaper the airplane could be built, that is in a very general 
мау. And most important of all they have pointed up all of 
things both within and without the company which must be changed 
make possible the accomplishment of the objectives of the next war 
program; namely, the utmost speed of acceleration and the maximum 
economy of manhours and material, And this is the war record of 
the management of the San Diego Division, Consolidated-Vultee Air- 
craft Corporation. 


$ 


The organization charts show the growth of understanding of 
the nature of the job and the means necessary to its mastery as it 
grew in size and complexity. The before, during, and after phases 
of organization and merger represent not re-organization but the 
orderly evolution of a very small to a very large organization. 
This business was exploded rather than expanded, It grew more per 
month than the average "blue chip" company grows per year of com 
porate life, As & result a whole generation of personnel changes 
were compressed into the war period during which time manpower of 
every classification was critical. Considered from this factual 
basis, it may be seen that the number of changes actually made were 
few - not many - and the performance must be rated "superior." 


The first line protection fcr national security lies in this 
management and supervision "know-how" which was so painfully acquired 
during the last emergency. This stockpile of knowledge and experience 
must be protected and increased through the years by means now unknown. 
This problem is far more of a challenge to the industry and to the 
Army than is the technological development of the flying weapon itself. 


The personal records set forth very clearly the nature and the 
background of the men who were finally knit together to form the 
orgmization which did produce 270 airplanes a month and which could 
undoubtedly accelerate to that figure in twelve months under proper 
conditions as stated in the foregoing pages, and which could no doubt 
produee 500 per month in existing facilities and under proper con- 
ditions should they be required. 


ж 


in its being gradually strengthened and improved as the requirements 
Steadily increased with the expansion of the war program generally. - 


Many specific illustrations might be introduced to show the 
quality of corporation management which so definitely affected 
operations in all of the divisions of Consolidated-Vultee, Perhaps 
the best for this purpose would be two of the most pertinent, and 

nal advertisement 


1 


№ паши ~ The Cost Conversion Incentive Plan (0.0.1.Р,) ав 


at the operative divisions of Consolidated Vultee 
Aircraft Corporation, was installed for the purpose of 
encouraging supervision to increase production and to deerease 
operating - 8; and also to provide a means of operating and 
eost control. 


oe ма Манын жө 
Engineering Department, with the assistance the 
Accounting Department. Time standards were established, by 
department, for sach item of productions production wes in 
turn converted to man hours of output weekly by multijlying · 
the items produced by this individuel unit standard time, 
This man hour output was then divided by the actual man hour 


` The effieieney for the first month was then used as a 
"Bogey" for the second or succeeding month, A bonus plan, 
based on this increase efficiency was developed where h 
supervision working age inst standards were paid a сағ! bonus 
monthly, the bonus being a percentage of their month) y 

„ (411 supervision is paid on & monthly flat salary 
basis.) Тһе formula for bonus percentage enleulation 18 
roughly as follows: 


1, 10% of "Bogey" if maintained within 3 points. 
2. 1/2 of increase over department bogey, 
3. A fixed 5% 1f plant average bogey is maintained 
‚ within 2 points, 
4» 1/2 of ineresce over plant average bogey, 
5. Fectors for houskeeping rating, safety 
Кара — and severity) and conformance to 
acturing schedule, 
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...by the Skin of our Teeth 


EVERAL TIMES during the European phase 
of this war, victory was almost within Ger- 
many’sgrasp..:onland,onthesea,orintheair. 


Above all, knowing the vital importance 
of air supremacy, the Nazis tried time and 
again to wrest it back from the Allies. 


And they almost succeeded. 


Time ran out 


Especially in the last months of the war, 
our margin of safety was slimmer than 
most of us suspected. 

Some of our best scientists estimate that 
if Germany had had a few months longer 
in which to perfect weapons under devel- 
opment, she could have seriously threat- 
ened our ability to win the war. 

The truth of this is known best to certain 
American military experts who have since 
inspected som 
search laboratories and war plants. 


of Germany's underground re 


Here they saw secret weapons in various 
stages of development weapons which 
might conceivably have turned the trick for the 
Nazis if they could have used them boldly in a 


* gamble. 


last despera 


of these things can now be re 


Others cannot—yet, 


There were planes potentially better than 
anything the Allies had in combat at that 
time. 

If time hadn't run out on the Germans, 
quantities of these jet planes might have changed 
the balance of air power in their favor. 

In a V rocket plant, burrowed 800 feet 
deep in limestone. rock, our technicians 
found blueprints for a fearful V bomb with 
an estimated range of 3000 miles. 


CONVAIR MODEL 37 
Pan American Clipper 


LIBERATOR 
4-engine bomber 


LIBERATOR EXPRESS 
tronsport 


"We planned to destroy New York and 
other American cities starting in Novem- 
ber," said a German rocket engineer. 


ouod 


Target: U. S. A. 


In a converted salt mine, our ordnance 


officers examined nearly completed jet- 


propelled heavy bombers bombers 
claimed by the Germans to be capable of crash 
ing high explosives into the industrial cities of 
the eastern United States and flying back again 
across the Atlantic. 

Goering himself said the planes had been 
e been 


held 


successfully test-flown and would ha 


in operation if Germany could h 


n 


out 3 months longer. 

Japan, too, with her ever-improving 
planes and suicide aerial attacks, tried des 
perately to whittle down our hard-won air 
supremacy. But the Japs were no more 
suecessful than the Nazis before them had 
been. The tide had turned. 


Why Japan surrendered 


Now that victory is ours in the Pacific, 
many people sincerely believe that it was 
U. S. air power that brought Japan to her 
knees, 

This, we believe, is not entirely true. 

But Japan's defeat points out one lesson that 
simply can't be argued down: The nation that 
loses supremacy in the air cannot win a war or 
remain secure in peace. == 

Because of this faet, Japan's case was 
hopeless even before the advent of the 
atomie bomb. It was only a question of 
time before she caved in . . . for she had 
lost control of her skies. 


CORONADO 
patrol bomber 


PRIVATEER 
search plane 


CATALINA 
patrol bomber 


The race we must keep winning 


America is now ahead in the development 
of new aerial weapons. 

But there can be no security for us in the 
future if we rest content on our present 
day superiority and allow ourselves to lag 
in aeronautical research and development 


Constant and continuing research in the field of 
aeronautics is a MUST for America... 
and always! 


today 


As long as we maintain our air superiority 
after victory, no aggressor nation is apt to be 
foolhardy enough to dream of attacking us. 


But experimental research is only the 


first step in winning the race that will insure 
America from attack in the future . . . 


The best planes periodieally resulting 
from this research must be put in produc- 
sufficient 


tion. in quantities to develop 


manufacturing techniques aud tools and to 
keep the nucleus of a manufacturing or- 
ganization which ean be quickly expanded 


if ever needed. 


We must also have enough planes for our 
Armed Services to train the Flight and Ground 
Crews in their use. One or two experimental 
planes are nol enough to keep our Air Force 
and manufacturing organizations ready for any 
emergency. 


Only when the design and production 
"bugs" always present in a new plane are 


revealed and eliminated by use сап our 


ever-improving aireraft be considered 


proven military weapons. 


LET'S KEEP AMERICA STRONG 


IN THE AIR! 


CONVAIR MODEL 110 
commercial tromport 


SENTINEL 
‘Flying Jeep" 


ONSOLIDATED VULTEE AIRCRAFT CORPORATION 


San Diego, Calif Fairfield, Colif 


New Orleans, la Louisville, Ky 


Fort Worth, Texas 
Dearborn, Mich 


Nashville, Tenn Wayne. Mich 


Elizabeth City, N. C Miami, Fla 


Ad No. 281. B 
Newspapers, 640 lines, Sept. 1945 


Allentown Po 


Vultee Field, Calif Tucson, Ariz 
Member, Aircratt War Production Council 


ever forget the A B C of Air Power! 


HE NATION that “freezes” the design 

of its military planes can write off its 
Air Force as inferior and second-rate. 

And, before too long, that nation can 
write off its Air Force altogether . . . for 
no second-rate Air Force can long control 
enemy skies, or even its own. 

'The Luftwaffe, for example, was beaten 
because of two things: first, because of 
overwhelming Allied aireraft production 

. . and second, because Germany was 
too late in learning the ABC of Air 


Power... 


What is the ABC of Air Power? 


The ABC of Air Power is a technique in- 
troduced in this war by the Army and 
Navy and the American aircraft industry. 

In simple language it is the technique 
of making frequent changes in design, 
during mass production, so that the 
planes we send into combat tomorrow are 
consistently better than those in combat 
today. 

Because America has in this way kept 
its plane designs fluid, instead of freezing 
them, our Army and Navy Air Forces, 
from week to week and month to month, 
cannot be matched by those of any other 
nation. 


Here's how it works 


A company such as Consolidated Vultee 
starts mass production of a long-range 
super-bomber—the B-32 Dominator, let 
us say... 

The first production-model Dominator 


to be accepted by the Army Air Forces 
is probably known as the B-32A. 


CONVAIR MODEL 37 LIBERATOR 
Pan American Clipper 4-engine bomber 


LIBERATOR EXPRESS 


But in a matter of months—or perhaps 
weeks—so many changes and improve- 
ments have been made in the design of 
the Dominator that subsequent models 
are known as the B-32B. 

Then come more changes . . . and the 
B-32C is born. This goes on, right down 
through the alphabet. 


The joker in Air Power 


This miracle of constant improvement 
during mass production - often accom- 
plished while stopping the assembly lines 
only momentarily —sounds like an ideal 
way to keep an Air Force at peak effi- 
ciency. And it is. 

But there's another factor to be reckoned 
with—a factor most people didn't know 
about in prewar years, or simply over- 
looked. 

That factor is TIME. . the length of 
time that elapses between the day a new 
plane is designed and the day the first 
model goes into production. And that is 
the joker in Air Power. 

The fact of the matter is this: It takes 
from 3 to 7 years for a war plane to progress 
from drawing board to combat action. 


We were caught napping when World 
War II broke out, because the nation as 
a whole was unaware of this joker in Air 
Power. 

But, thanks to a few far-sighted Army 
and Navy officers, and a few members of 
the aircraft industry itself, we were not 
caught totally unprepared. 


A lesson worth remembering 


Long before Pearl Harbor, it was obvious 
that if we ever did go to war against 
Japan it would be a war in which mobile, 
floating airfields—flat-tops—would play 
a dominant part. 


PRIVATEER 
search plane 


CORONADO 


transport patrol bomber 


So, starting as far back as 1927, the 
Navy and the aircraft industry began 
to experiment with carrier-based dive 
bombers. In 1939—12 years later —the 
plane born of these experiments was ap- 
proved for mass production. But even 
then, it wasn't ready for combat until 1943! 


Similarly, our finest Navy fighter 
planes saw combat action for the first 
time 2 years or more after Pearl Harbor 
even though they had been in various 
stages of development and undergoing 
test flights long before Japan struck. 


1t must be clear to every thinking per- 
son that when it takes so many heart- 
breaking months and years to perfect a 
plane for combat, America must never 
again invite disaster by lagging behind 
any nation in aeronautical research and 
development. 


Air Power is Peace Power 


Today, no spot on earth is more than 60 
те Па“ 
hours’ flying time from your local airport. 
— OS оса рог. 


In a world so small, there can be no 
peace, no security, unless we are pre- 
pared to defend ourselves against attack 
from the air. 

That is why constant and continuing 
aeronautical research and development — 
on the part of the Army, the Navy, and 
the aircraft industry —is an insurance 
policy on the life of the nation. 

And we must not let a single premium 


lapse! 


LET'S KEEP AMERICA STRONG 


IN THE AIR! 


CATALINA 
patrol bomber 


VALIANT 
basic trainer 


SENTINEL 
"Flying Jeep" 


CONSOLIDATED VULTEE AIRCRAFT CORPORATION 


San Diego, Calif. Fairfield, Calif. 
New Orleans, La. Lovisville, Ky. 


Fort Worth, Texas 
Dearborn, Mich. Elizabeth City, М. C. Miami, Fla. 


Nashville, Tenn. Wayne, Mich. 


Ad No. 277H 
Editor & Publisher—Oct. 6, 1945 


Allentown, Pa. 


Vultee Field, Calif. Tucson, Ariz. 
Member, Aircraft War Production Council 
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0 CONSOLIDATED YULTZB AIRCRAFT CORPORATION 15% 
* San Diego Division . . San Diego, California 
BAKE HIRSU TINNIBATED 
LARSEN, ARTHUR V. 3-1-h3 To Date 
POSITION AT OVAC | FROM ze 
Director of Purchasing 2 8-31. 
Purchasing Director 9-1 To present time 


INPLOTER ADDRESS POSITION FR 20 
U. 8. Maritime Comm. Bead of Mat. Br. 6-42 2-20-53 
Brunswick-Balke- Director of 

Col lender Co. .  Wuskegon, Mich. Purchases 5-1 5-12 
беп. Motors-Chev, Div. Flint, Michigan Aset. Pur. Agent 1923 19h 
NAME | | Hp IPEMINATED 
JONES, EDUARD HERMAN 10-14-29 To Date 
POSITION AT СТАС. | ток 20 
Chief of Materials 5-16-10 615-1 
Material Control Supervisor 6-16-42 9-15-42 
Chief of Materials 9-16-h2 3-1 
Assistant to Purchasing Director 3-16-hh 9-15-h5 
Chief of Materials 9-16-h5 fo Date 

2817) | 10} FROK ю 
Clerk 10-1h-29 3-16-3h 
Material Clerk 3-19-34 1-12-35 
Olerk $-1-35 12-18-36 
Assistant Purchasing Agent 12-19-36 9-15-35 
Ohief of Materials 9-16-38 See above 


EMPLOYER ADDRESS POSITION mor 39 
General Airereft Corr. Buffalo, N. Y. Stock Clerk 6-1928 10-1928 


6 
9 
P CONSOLIDATED VULTES AIRCRAFT CORPORATION 
T Sen Diego Division . . San Diego, California 
FAME HIRED 
NELSON, ALBIN 5107850 5-20-35 
POSITION AT CYAC тон 
Assistent Purchasing Agent 22 
82 Agent 6-16-11 
h Purchas Agent 16-hh 
Chief of — 71: 


` Minnesota Mine à Mfg. Go. St. Paul, Kinn. Sales-Ofo.Mgr. 
Twin City Ка това St. Paul, Minn. Surveyor | 
БАКЕ шаш 
POSITION AT OYAO ток 
Vice President and Material Supervisor 8-31- 
Vice President and Assistent General Manager 12-202 

POSITION WITH OVAC PRIOR 70 1939 FROM 
— tinta Products) es 

ana -1 

Purchasing Agent 6-1-32 
EMPLOYER ADDRESS POSITION 
Gray's Harbor Constr. Co. Hoquiam, Wash, Superintendent 
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па в 


2-1927  h-1935 
1925 1927 


ZEMINATED 
To Date 
2 


12-19-1 
To present time 


c | ` 453 


© CONSOLIDATED VULTEE AIRORAFT CORPORATION 
~ San Diego Division . . San Diego, California 
ma Юю ишао 
FARRELL, FREDERICK 10-15-42 2-10-h 
— o coit c 
Rehired 1-23-53 19-15-15 
POSITION A? СТАО FROM m 
Service Engineer Е 10-15-№ә 2-10-% 
Administrative Assistent vx 11-15-43 
Asst. to Chief of Contracts 11-15-53 5-31-15 
nter of Contracts 6-1-h5 Present tine 
BMFLOYER ADDRESS POSITION 2 ою 
Tlameproofing Prod. Co. San Diego, Calif. Partner-Ngr. 11-141 10.42 
United Services Life Ins. ; Supervisor 6-39 11-41 
У. 8. Navy Commissioned 
Line Officer 6-18 1-39 
LT M HIRED TERMINATED 
HUSSER, ROBERT LES 1-3-29 fo Date 
POSITION A? СТАС FROM 2 
Estimator -1-31 1 3-32 
Supervisor (Zstinating) Pica 6-30-h 
ief of Contract . E 3-1 
Chief of Contracts 5-31-h5 
Assistant Division Мадедег 6-1-h5 fo present tine 
POSITION AT СҮАС PRIOR TO 1939 TRON 19 
Assembly Helper је lel, 1-2: 
Fuselage Assembler 1-12-30 11-10-33 
Dispatcher 11-13-53 6-30-31 
EMPLOYER ADDRESS POSITION тк қ 


American Brass бо. Buffalo, N. Y. Clerk 1928 1929 
Motor Prod. Co, Detroit, Mich. Clerk 1927 1928 


0 
P GONSOLIDATED VULTEE AIRORAFT CORPORATION 
T Gan Diego Division . . San Diego, California 

ДАМЕ 2 
MeMAHON, RATKOND JOSEPH Ga? hjal] 
POSESION ar eo | TRON 
Contract Administrator Segue h] 
Chief of Contract Administration h-15-15 
District Meneger (Allentown) 7-1-3 
Asst. to Director of Purchasing £-1 


Navy Dept. Asst. 1.5.54, 2 
Bureau of Aero. Washington, D. C. Naval Aviator 


Howitt-Wood Radio Corp. Arlington Hotel Announcer, writer 
Binghamton, E. Y. and actor 


Hall Alum. Alreraft Buffalo, Нем York Engineer 
0. Elías à Brother Buffalo, Bew York Engineer 
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пи в 


9-1935 9-19 
9-1933 8-1935 


n 
215% 

See 

2 10 
1928 1929 


0 
Р CONSOLIDATED VULTKS AIRORAP? CORPORATION 
Y Sen Diego Division . . San Diego, California 
ХАМЕ шо 
VenDERVZER, THEODORE v, 3-1-2 
POSITION AT СУАС вок 
Asst. to the Plant Engineer 521.42 
Administrator 1-16-42 
Plant Engineer 12-1-2 
Chief Plant Yngineer 3-16-44 


0. 8. Army 


. а 
National Aniline 4 Cher. Buffalo, N. Y. 
Picatinny 


| ersey 
U. 8. Army Feld Artillery 


RAKE | 
POSITION AT OVAS 

. Foremen 

General Factory Supt. 
Factory Manager 


Works Manager A 
Division Works Manager 


POSITION AT CVAC PRIOR TO 1939 
Layout Foremen : 

General Foreman 

Layout Foreman 

pr. Foreman 

Aset 


(Continued) 


Secretary-Treas. 


Supt. 


Dir. of Eng 
Aset. Plant Mgr. 


Eng. Div, 
1st Lieut. 


0 CONSOLIDATED VULTES AIRCRAFT CORPORATION 
Р San Diego Division , „ бап Diego, California 


EZARD, HERBERT (Continued) 


EMPLOY ER | mau zo 

Wire Wheel Corp. of An. E Asst. Foreman 1918 3-25 

Curtiss Airplane Co. Buffalo, EK. Y. Foreman 1916 1918 

Crause-Hinds Syracuse, N. Y. Patternmeker ` 191% 1916 

Syracuse Car Works Syracuse, и. Y. Template Nkr, 1913 1915 

НАМИ HIRED ZZENIRATED 

MALONE? , WILLIAM ALOYSIUS 9-10-35 То Date 

BOSITION A 9740 | 22 % 

Plant Engineer 9-10-35 11-50-42 

Chief, Works Engineer 12-1 7-15-13 

Plant Engineering Director 1-15-53 fo present tine 

BELO ER ADDRESS POSITION Ho >» 

Bement Cander Buffalo, N. Y. Nee. Engineer 6-1-28 8-31-35 

Boffalo Swi tehboard үз gere Y. Y. MA 5-1-26 6-26-27 

Cleveland tohboard . eveland e 1. ineering 
Ohio Representative — 7-1-21 һб 

Bison Mec, 00. Buffalo, X. Y. Sal seman 11-1-14 6-20-21 

Ham HIRE TBRRINATED 

BONLING, HERBERT | 1-26-25 5-31-16 

POSITION AT GVAC жок к 

Forenen 8-16- 9-30-40 

General Factory Superintendent 10- 10-3-h] 

Assistant Factory Manager 10-h-hj 2-29- 

Paetory Manager ~ Plant One 3-1-42 3-31-h 

Produetion Works Manager 1-3 MA 

Division Works Manager 2-16-14 5-31-55 


(Continued) 


e 
9 CONSOLIDATED VULTED AIRORBAPP CORPORATION 


P San Diego Division , . Sen Diego, California 
Y 
DOWLING, AMBRE (Continued) 
SITI T СТАС FROM 
Foreman 


Assistent Foreman 


рый. ADDRESS кше 
Curtiss Aeroplane бо. Buffalo, I. Y. Assembler 
E BIRD 
JAMES LEO 1-1-29 
POSITION А? буд 2 
Factory Manager | 11-1-38 
Assistant Vice President - Production he 
Division Manager 6-16-h3 
POSITION WITH OVAG PRIOR TO 1939 E тан 
Superintendent 1-1-29 
Foreman 9-34 
10-29-34 


Assistant Superintendent 
Superintendent 


No record of previous euploynent. 


P CONSOLIDATED VULTRB AIRCRAJ? CORPORATION 238 
Y 8an Diego Division . . San Diego, California 

ЈАМЕ HIRED ISRMINATED 

PERELLR, CHARLES WILLIAM 8-15-ho 9-1-0 

POSITION AT 0740 FROM 19 

Factory Manager (Yaltee Field) 8-15=10 12-31-10 

Division a , 1-1-і4 3-1-42 

Vice President In Charge of Production 3-1-42 9-1-і) 


Vice President and Ohief Engineer · 6-21-3 12.19-41 

Vice President and General Manager 18- 2-28-42 
Axeeutive Vice President and General Manager. 3-1-42 То present tine | 
POSITION A? СТАС PRIOR TO 1939 | тон 22 

Xngineer 3-15-21 6-20-36 

Vice President and Chief Engineer 8-21-35 See abi re 

— ADDRESS. POSITION mu 20 

Ú, 5. Air Service MeGook Field Engineer 1917 1927 
Cadillac Motor Co. Detroit, Mich. Engineer and 


Draftsman 1915 1917 


0 
P < GONSOLIDATED WIRE AIRCRAFT CORPORATION 
Y San Diego Division . . San Diego, California 
YenDÜSSN, ORARLES ALDERT 12-10-5h 
20817108 АТ стао mon 
Vice President Works Manager 8-15-35 
стас RIOR тоң 
Factory Manager 12-10-34 


[0817105 


Brite ADDRESS 
Vice President & 


Menn L. Martin Buffalo, 5. To 


my 319 
Period of 21 утв. 


CONSOLIDATED VULTER АТЯОВАУТ CORPORATION 
$an Diego Division . . San Diego, California 


6 
o 
Р 
Y 
Mx 


хів 
TUTTLE, WILLIAN GERARD 7-1936 
POSITION AT СУАС FROM 
Director Industrial Relations (Vultee Field) 3-15-36 
Chief of Industrial Relations (San Diego) 3-1 
Ford Motor Company Richmond, 08111. Personnel Director 
Union 011 Company Oleum, Calif. Personnel Superv. 
Union 011 Company Brea, Galif. Derrick Man 
011 Scout 
Sigourney Meller & Go. New York City and Salesman and Mgr. 
Philadelphia Rew York Office 
AME шашы 
(ЕАЗОЫЗ, WILLIAM FRANK 4-92-42 
POSITION АТ СТАО Тн 
u-9-he 


industrial Relations Director 


19517108 


Federal Security Asst. Director 


Civilian Conservation 
Agency, Wash., D. 0. 


Corps 
9. 8. Department of 
Lebor 


au г 

41932 17-1936 
10-1950 3-1932 
3-1928 9-0 


5-1925 3-1928 


6-1922 3-1925 


mon о 
11-1-39 49-42 


14-3 9-30-39 


š ” 
o CONSOLIDATED VULTER AIRCRAFT CORPORATION 164 


` San Diego Division . . San Diego, California 
ХАМЕ SERED ZERMIEATED 
PARKHURST, RAYMOND BYRON £-9-ho 9-1-h5 
POSITION A7 CYAC FROM ю 
Chief Industrial Engineer (Vultee) 8-9-50 3-52 
Administrator 3-16-42 8-31-42 
Chief Industrial Engineer 9-1-\2 - T-15-h 
Industrial Zngineering Direction it 9-1 
Assistant to the President 1 9-1-h5 
mÑ = 
1917 1940 
TERMINATED 
fo Date 
Industrial Engineer 6-21-40 \- F043 
Assistant Ohief Industrial Engineer 6-1-h3 —— 2-29-14 
Ghief Industrial Engineer (Nashville) 552% 11-30-4Ң 
Assistent to Division Manager 12-1-hh 5-15-h5 Swe 
Chief Industrial Engineer (Sen Diego Div.) 5-16-h5 To present time PE 
— aR mu ю 
Davis Standard Bread бо. Los Angeles, Calif. Seleman 6-39 6-0 
Gommonvealth of Penn. Liquor Gontrol Bosrá 
Harrisburg, Pa. Clerk 4 Bkkpr. 12-36 6-39 
Self; Indust. Surveys Philadelphia, Pa. Consul tant 11-51 10-36 
The May Co. Los Angeles, Calif, Clerk 8-27 3-25 


Metropolitan Life Ins. — жш Park, Agent 10-29 9-31 
alif. 


0 CONSOLIDATED VULTEE AIRCRAFT CORPORATION 
А San Diego Division . . San Diego, California 
Eine THANINATED 
6-1 11-19 
ж. ME 
p zo 
Ghief Industriel Engineer (Nashville Division) 3-24-1 12-31-14 
Chief Industrial Tngineer (San Diego) 1-1-hh 5-15-!5 
ю 
11-1935 
. во 29 
North Americen | Asst. Foreman and 
0. 8. Army Air Corps ` ~ Sheet Metal Nech. 11-1935 2.1936 
Catalina ~ Wilmington 
pri Mt мы Inle Gl, e item E 
y e отр. e = 
Douglas Aircraft бо, Santa ва, Cal. Sheet Metal Mech, $-1930 1-1933 
MARE EME ZERMISATED 
IOOKSTADZA, CLAYTON ROSS 1-1-ю fo Date 
POBITION AT СТАО FRON % 
Asst. to Exec. Vice President (Nashville Div.) 1-1-і0 1-15-іШ 


Asst. Director of Industrial Engineering 1-16-34 To present time 


e | ; 
6 CONSOLIDATED VULTER AIRCRAFT CORPORATION 
^n бап Diego Division . , San Diego, California 
BERT, ВМО THOREE мн 
POSITION AT OVAS mon 
Chief Storekeeper 5-16-10 
Assistant vore wr Production Control MER 


Production Control Supervisor 
Assistant Production Supervisor 


". $. Wavy = Lt. Supply Corps. 
EAME HIRED 

қ JR, Re 2-2h-36 
POSITION А? СТАО. FROM 
Estinator | 7-11-37 
Gost Estimating Supervisor ent 
Production Supervisor 18-52 
Assistant Division Manager 4841-35 
Division Works Manager 5-1-5 

VITR OVAC PRIOR 70 FROM 

Setinator 
2222 
Navy Dept. Burosu of Aero. Washington, D. C. Het. 4 Cost . 
B. J. Aircraft Beltimore, х. D. Engineer > 


Kreider-Keiener Airersft Hagerstown, Md. Plan, & Ist, 
Y ~al Aircraft Factory Philadelphia, Pa. Stress Analysis 


zu в 
1917 6-50-36 


P CONSOLIDATED VULTEE AIRCRAFT CORPORATION 
Y San Diego Division . . San Diego, Galifornia 
SANG BIRED . TED 
NELSON, WILLIAM 10-2-hi Trans, to Беу Ürlean 
poston av од пон ю | 
Assistant to Manager EU 10-2-41 12-19-11 
Material Supervisor 12-20-11 9-31-42 
Production Representative 10-1-h2 12-31-h2 
Works Manager of New Orleans Division | 1-1-43 - 
BUSINRSS BACKGROUND BEFORE ENTERING COMPANY 
Bera oe ADDRESS озон 2 ғ 
0, 8, Wavy - Captain 9-21 1001-82 
‚ Be ARE TERMINATED 
MAYER, ROLAND GEORGE 57-40 121-42 frans. Ft. 
| worth 
29812108 AT oyag ~ = 
· Production Control Mensger 5-7-0 2.28.12 
Produetion Coordinator 3.1.42 
2 to 
22 Yeare 
IXEXINATID 
To Date 
2 
2-15-11 
1-51-і1 
1-15-53 
Present Time 
YRON 20 
Gurtiss Alraraft Go, Buffalo, Н. Y. Inspector 1927 1929 


А. К. Dist. Stean E. Tonawanda, Y. Y. Par. Agent No Datos 


о COMSOLIDATED YULTET AIRORAF? CORPORATION 
Р San Diego Division . . San Diego, California 


(Continued from previous page) 


Y. Tonewanda, Я. T. Sales 


POSITION WISH OVAC PRIOR TO 1939 тон 


Pocoet 041 


Inspector (Buffalo - San Diego) 12-220 
ще HIRED 
WA"OLD МТК _ 10-15. hó 
POSITION WETH OVAS FROM 
*eronsutics] "neineer 10.11.40 
Assietant to Manager 11-1 
Quality Manager 3.1.42 
BUSINESS BACKGROUND BEFORE ENTERING GOMPARY 
222 ASS: POSITION 
Fat. Div. Air Corns Wright Field 
Dayton, Ohio Project Engineer 
* r е ? resi 
Pah. Aviation Ind. Corp, Fun Pa. Vice President 
7. 8. Атту - Army Officer 
wa | HIRD 
9-8-2h 


165 


5-15-10 


12-31h0 


2-28-12 
To present tine 


т mA 


ЖЕ  10-11-ho 
$-8-35 12.11. 
6-1- 2 


754% 5- 
3-1-09 6-30-29 


P CONSOLIDATED VULTEZ AIRCRAFT CORPORATION 

Y Ban Diego Division . . San Diego, California 
D BIRED TERMINATED 
тт, B. E, : 5/20-93 fo Date 
POSITION A? стао тон = 
President & General Manager 5-29-23 2-28-42 
Consul tant 3-1-h2 Present Time 


Бо record of previous employment. 


P CONSOLIDATED VULTES AIROBAFT CORP ORATION 
Y San Diego Division . . San Diego, California 


3-21-27 To Date 

FROM 19 
Engineer in Charge Draft 16-40 11-30-42 
Assistant Chief бине E те рсе: 
Executive Assistant Chief Zngincer 1-12 1-31-42 
Engineering Manager 8-1-h2 To present time 
10317108 WITH 0 E 20 
No position shown | 3-21-27 7-15-34 
Chief Engineer 1-16-3% 8-16-35 
Engineer in Charge Drafting ` 8-15-35 See above 
тшшш ADDRESS POSITION во 10 
U. 8. Air Corps Dayton, Ohio Project Engineer 1918 1927 
Bilgin Motor бо. Chicago, Ill. Designing 1916 1917 
Я. L, Losier Motor Cleveland, Ohio Designing 1915 1916 
Ferro Machine Go, Cleveland, Obio Designing 1911 1915 

Sam ZERKHINATED 

9-16-35 12-31-hh 
Assistant to Chief Ingineer : : Pele 2-26-42 
Chief Ingineer 3-1 5-3-h 
Director Engineering 6-1-43 12-31 
POSITION WITH OVAS PRIOR 20 1939 FROM m 
Assistent Chief Engineer 9-16-35 1-31-34 
27249474 l POSITION Fox ю 
Gurtiss Alreraft Buffalo, 8. 1. Engineer 1932 1935 
Aviation Corp. Baffalo, N. Y. Engineer 1929 1931 


8. 5. Army Air Corps Buffalo, N. 1. Engineer 1917 1929 


? CONSOLIDATED ҮШТЕН AIBORAFT CORPORATION TB | 


Y San Diego Division . . San Diego, California 
JIUK, TRANE Y. 9-5-35 To Date 
POSITION АТ CVAG FROM 20 
Project Ingineer 3-15- 11-30-11 
Chief Project Engineer 12-1-і4 3-31-42 
Assistant Chief Engineer Production 1 he 1-31-і? 
Chief ion Engineer 8-1-42 5-15-43 
Chief Division Engineer 6-16-h3 Present time 
ю 
1-15-38 
3-15-39 
во 10 
8-16-26 8-16-35 
КАНЕ, ERD ZERMINATED 
302071018, WILYgD отт 9-21-№ | 9-30-h5 
zOSITION AT oyag тюн m 
Staff Assistant ^. 3-51-іШ 
dub-dontract Авв!%, Superintendent uh 5-15-14 
Sub-Contract Superintendent 5-16-Nh 9-30-45 
K тон 10 
Columbia Steel Co. Los Angeles, Gal. Salesman and 
| Engineer 5-1936 9-1942 
Sante ve Irrig. Rancho Santa Fe, 
California Manager 5-1924 501936 
6. M. à St. P. Ry. Co. Chicago, Illinois Asst. Engineer 5-1919 3-1923 
Santa Yo Land Imp. бо. Rancho Santa Ре, 


Zngineer 5-192h 
Gary Land Co. Gary, Ім. Field Engineer 91918 865-1910 


CONSOLIDATED VULTER AIRORAF? CORPORATION 
San Diego Division . , San Diego, California 


Traffio Manager 4 Asst. Material Supervisor 
wf — ren 


chief of Sub-Contraet 


5 А)» ыл 
Chief Purchseing Agen 


Clerk (Office) - (Tonawanda Products) 


Material Clerk 
Traffic Clerk 


BLUR 


Southern Aircraft Corp. 
Central ВК. State Trust 


Buffalo Bolt Co, 


Garland, Texas 


Buffalo, New York 
Buffalo, New York 


Room 
Assistant Chief Tool Engineer 
Chief Tool Engineer 


POSITION WITH OVAC PRIOR TO 1939 
Toolmaker 
Leadman 

-3olmsker 


à | 
E 2 CONSOLIDATED YULTEE AIRÜRAFT CORPORATION 
Y San Diego Division . . San Diego, California 


В. б, А. Mfg. бо, Hollywood, Calif. Tooinaker 

La nd 48 Machine 90. 8%. Louis, Kos Toolmaker 

Fox Studio Vestwood, Calif. Gamera Tech, 

Ban HIRED 
7-1-\2 


rvisor _ 
Tooling and Planning Chief 
Chief Tool Engineer 


тота 
А. 7. Brandt бо. Detroit, Mich, Consul tant 
Paramount Detroit, Mich, Tool Engineer 
Pranur Detroit, Mich. fool Engineer 
General Motors Flint, Michigan No Position Shown 
Marvel Flint, Michigen Но Position Shown 
шаю 
192 
Rehired 128.50 
Hox 
1-16-і0 
1-42 
14-42 
1-16-% 
11 
150и 


120 


тоң 
191935 3-193 


11-1933 8-19 
9-1932 9-193) 


7-1942 
тізі 


FACTORY ORGANIZATION CHART 


PARTS PLANT 


WORKS MANAGER 
| MLADDON 


FACTORY MANAGER 


GJ NEWMAN 
| 


КЕ DEP'T TO FACTORY МСР 
LD LARIMER) |H. GOLEM 


SJ POWELL] HEINZ. 


| 
ST IO FACTORY nt 


1 
PLANT ENGINEER 


WING DEPARTMENT 
L. MINEMM - D 
G.LANCE - N 


H. SHROUT 


t. ROBINSON 


МИТЕ FACTORY SUP'T 
H. LEIGEL 

MECHANICAL MAINTENANCE 

M.CLUTINGER - D 

E. STRINGER - N 


T I 


E.COLEMAN 
FUSELAGE DEPARTMENT 
A. СТАРК - D 


> POPADOWSK I-N 


ELECTRICAL MAINTEN: 
1. МСЕМТЕЕ - D 
О. BERGLI - N 


MACHINE SHOP 
R WILLIAMS - D 
J.PATTON - D 

N 


P SCHNEIDER - 


CONTROL SURFACES 


ANODIZE # HEAT TREAT 


2 HORNER - D H. NASEEF - D 
J PETIT - N J. DODIEN - N 
I === e. ЕЕ 


METAL BENCH 
J. WILKENSON - D 


FINISH DEPARTMENT 


C. PETRICK - N 
a) 


|-—— | A-GRIFFITH = '2 


DRAW BENCH 
E. ROBBINS - D 


| P FRANKS - N 


ES 


— 
id 

TANK DEPARTMENT | | [WELDING E PLATING. 

E. SPRINGER - D 4 | | T MCALEER-D 

G HARTMAN - N “| | 

al‏ چ ي | ص 

SHEET METAL | | SPOT WELDING. ` 

A. JOHNSON - D А. BLAIR - D 

С. SEADEEQUIST- N | | 
fe ven р Е. 

1 18 

[COVERING š UPHOLSTERY, AAA Г 

P DIDBS D _| Eo > | 

J STARK - Nj | ` 
сай tb AA pem 

> ES, МЕХ 1 
—— E 
po | 
fo — => DER EUM | asss 
окре HAMMER BLO‘ 
J. WOODHEAD - D| 
шы PLASTER SHOP] [DROP meme FOUNDRY 
| | 


€ ne 
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Original Organization Chart of Flant II 


0 
P CONSOLIDATED VULTEE AIRORBAFT CORPORATION 
Y San Diego Division . „ San Diego, Californie 
SUL JR., JOSER MAR (Continued fron previous page) 
EMPLOYER ADDRESS POSITION љи 0 
Bell Atrerart Corp. Buffalo, N. Y, Chief Projeet 
Brewster Co Long Island, Y. Y ==. 2 LU» 
ester Aero, Corp. E „ Y. neer 5.1 
Gwinn Alrcar Company Buffalo, N. T. President қ. $4335 1980 
Jum 222 TERMINATED 
KOENIG, PHILIP 1-2-28 3-17-і% 
20517108 AT ovao | —— — 
Tool Supervisor | 8-1-3] 10-15-h2 
fool Consultant | 10-1 2-13-h 
Tool Supervisor (New Orleans) 2-15-\ 3-17 
“oreman ~ Group Y 8-28- 10-17-14 (Resigned) 
8 СТАС PRI FROM то 
Machine Foreman (Tonawanda Products) 1-2-28 8-14. 
Torenan T» 8-14-43 3-16-56 
Assistant Foreman | 3-19-3 8-16-35 


Chief Tool Designer | 8-16-35 7-31-37 


Р CONSOLIDATED VULTHE AIRORAPT CORPORATION 


Y San Diego Division . . San Diego, Celifornia 
НАМЕ ERED 2 
LANSON, ROBERT ALEX 24680 6-48-25 
POSITION AT ОУАО FROM 20 
Fight Superintendent (Vulteo Aircraft - 
Downey, Calif.) 2-16-10 9-15-30 
Factory Superintendent ^" ы 9-16-ho 1-15-41 
Asst. Works Manager Ы a 1-16-43 Ge 31-41 
— — (s » Di kate) | Уй cn 
. v 
Assistant Division Works Manager - Plant I 2-1 12-31-44 
Yorks Manager - Plant 1 1-1-і6 6-15-05 
BAPLOTER mon m 
Aircraft Precision Prod, Ghief Engineer in 
. Oharge of Prod, 8-1938 2-190 
Douglas Aircraft Go, Shop Eng. in Chg. 6-193h 85-1935 
‘sorge F. Lawson 4 Son | Owner & Manager 8-1930 81933 
villette Safety Rasor Go, Automatic Machines É 
; Des 1 8-1 
Projeet 6-1928 6.1929 
ES: шаю TERMINATED 
GOLEK, HENRY R, 10-1-27 To Date 
POSITION Ат сузе ток m 
sor - 1 
Assistant to Factory Manager 5-1-1 \-3-ц2 
Assistant Factory liic 2-29-ll 
Assistant Works Manager - Plant II | 3-1-5 To Present Tine 
| 2 
3-16-1h 


0 _ CONSOLIDATED VULTUS AIRORAFT CORPORATIOR 

e San Diego Division , , San Diego, California 
аш | mum 
RERUN, GEORGE J, 10-29-20 
POSITION А? OyAG Шон 
Asst. Factory Manager 4 11-1- g 
Vice-President in Charge 7%. Worth Division | LA 
POSITION АТ OVAC PRIOR то 1939 Jaou 
Superintendent 11-1-30 
Foreman 3-19-34 
Aust. Supt, | 8-1-35 
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T. M. GIR.DLEF - CHAIRMAN 
H. WOODH EAT - PRESIDENT 


I.M. LADDON-EXEC.VICE PRESIDENT 
C. J. LEIGH - VICE-PRESIDENT 
F. A. CALLERY - VICE-PRESICENT 
Р.О. SCHNACKE -VICE-PRESIDENT 
R.S. PRUITT- GENERAL COUNSEL 
OTHER. DIRECTORS MEE TING MENTI Y 


T : EXECUTIVE | COMMITTEE 
T. M. SIRDLER 
CHANR.MANI 


iD ок —Ü jv. | un mE ) | ) 


- 
| | 
| Е | 
| I&WMILLAR! ГА uer OE FF H. Wo T EAD Глен! | eet ЗК т ECTS N 
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